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hydromorphone HCl (t 


The first step after injectables in post-op analgesia: 


side and potency on other side as follows: green — 1 


Description: Dilaudid is hydromorphone, a hydro- 


genated ketone of morphine 
indications: For relief of moderate to severe pain 


.Contraindications: Suspected increased intracra- 


. nial pressure, status asthmaticus 

Warnings: May be habit forming with a potentia! for 
addiction equivalent to morphine in equi- analgesic 
doses. Tolerance may also occur: As with all narcot- 


ics, use in early pregnancy only when e sebetan bene- 


fits outweigh risks 
Adverse Effects: Nausea 
D ipation, anorexia and somnolence may 
though unlikely with appropriate dose selec 
Dosage and Administration: Dosage mus 
iual zea. The usui il 


*. 


vomiting, diarrhea, con- 
occur al- 


De na 3 
aduit*dose is 2 mg every 4-6 


hours, as necessary, for moderate to moderately se- 
vere pain. For more severe pain, 3-4 mg or more every 
4-6 hours, as necessary, may be required 

Treatment of Overdosage: |f overdosage is treated 
within an hour, emesis and gastric lavage should be 
attempted. Special attention should be given to respi- 
ration and, if depression occurs, it may be an- 
tagonized by the use of naloxone hydrochloride 


(Narcan*) —Endo, nalorphine hydrochloride 
(Nalline*) —Merck Sharp & Dohme or levallorphan 
tartrate (Lorfan®)—Roche, as recommended by the 
manufacturer. Other supportive measures should be 
applied when indicatec 

How Supplied: Dilaudid HCI color coded tablets 


(NOT FOR INJECTION) imprinted with K logo on one 


mg; orange —2 mg; pink —3 mg and yellow — 4 mg 
Available in: 1mg— bottles of 100 (NDC #0044-102 
02), 2 mg — bottles of 100 (NDC #0044-1022-02) Bd 
500 (NDC #0044-1022-03), 3 mg — bottles of 100 
(NDC. #0044-1023-02), 4 mg — bottles of 100 (NDC 
#0044-1024-02) and 500 (NDC #0044-1024-03) 


Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 
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it for calculating drug dosages 

| timing cardiac arrests where 
^ psed time is critical. It's always 
D with me” Paul Hickey, M.D. 
Cambridge, Mass. 


. HP-01, A PERSONAL 
- INFORMATION SYSTEM. 
lere is qd the first wrist 












al: rm/ timer, stopwatch, 
culator and storage memory. 
low you use the HP-01 is limited 
y by your needs. And your 

ation id n, The E you own one, 












ae n USE IT T FOR WORK. 

It is not surprising that many 
dical professionals have found a 
r of vital applications for 


ittocalibrate my pulmonary 
quipment because of its 


“Musgrave, M.D., M.LH 


Another doctor finds his HP-01 
invaluable to “time the rate of 
administration of cardiotonic and 
vasoactive medications given to 
critical patients in the Emergency 
Department?’ 

John F. Davison, M.D. 
Miami, FL. 

Truly, with the HP-01, you have 
a professional instrument capable of 
meeting a broad spectrum of your 
professional needs. It can handle 
everything from basic math to 
calculating metric conversions. 

It can remind you of an important 
call up to 100 hours in the future. 
And then tell you the number to call. 

It can compute how much interest 
your money will earn in a 7-1/2% 
Savings account versus a 6% tax- 
exempt bond. Or convert dollars to 
Deutsche marks —and Deutsche 
marks to ven. 

In short, the professional applica- 
tions are virtually unlimited. 


AND FOR PLAY. 

The HP-01 was not designed for 
business alone. It's meant to be 
thoroughly enjoyed. 

5o take it along to a road rally and 
clock precise time splits of the 
front runners. Take it sailing and use 


it to plot your 

course. When jogging, 

use it to pace yourself and clock 
your time for a mile. Or use it to 
calculate your biorhythms before 
today's tennis match. 


IT'S LIKE NOTHING 
YOU'VE EXPERIENCED. 

As you can see, the possible 
applications are virtually unlimited. 
That is why you should experience 
this remarkable instrument yourself. 
Visit your local dealer and ask for 
a demonstration. (For the address, 
CALL TOLL-FREE 800-648-4711. IN 
NEVADA, 800-992-5710.) Then 
you, too, may well agree with the 
words of one of your colleagues, 
"Its a beautiful instrument" 








HEWLETT pW) PACKARD 


Dept.660B , 1000 N.E. Circle Blvd. Corvallis, OR 97330 


The HP-01 is now available in gold-filled case, 
stainless steel, or polished st« ed with matching 
bracelet or leather straps. Priced From $650? 
*Suggested retail price excluding applicable 

state and local taxes — Continental U. S. A., Alaska 
& Hawaii. 616/55 
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' ANTISEPTIC 
SECURITY. 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (in the rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...activeinthe presence 
of blood, pus andserum...help 
maintain postoperative antisepsis when 
applied to incisions. 
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Bacteroides 


may be implicated 

in a number of clinical situations, 
including... 

» septic abortions 

». deep wounds 

« bacteremia 

PE metastatic or other abscesses in association 


with thromboembolic phenomena 


Sensitivity testing is always 
recommended prior to instituting 
therapy with Chloromycetin 
(chloramphenicol). However, in 
some situations, it may be neces- 
sary to administer Chloromycetin 
before sensitivity tests have been 
completed. 


Bacteroides are the most prevalent 
microbial flora of man. They are 
anaerobic, aero-intolerant, non- 
sporeforming, nonmotile, gram- 
negative bacilli. They most often 
appear in mixed infections, and are 
highly opportunistic. Further, they 
are very difficult to culture. 


Under normal conditions, bacte- 
roides are benign. But in infectious 
situations they can be extremely 
virulent. 


Fortunately, most bacteroides 
infections are susceptible to 
Chloromycetin (chlorampheni- 
col) therapy. Yet, all too often their 
presence goes undetected. So 
today, many authorities recommend 
early—and vigorous—treatment 
with Chloromycetin when the 
clinical impression suggests that a 
Bacteroides infection is present. 
Chloromycetin must be used only 


in those serious infections for 
which less potentially dangerous 


drugs are ineffective or 
contraindicated. 


But when bacteroides are impli- 
cated, Chloromycetin (chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk rat 
with Chloromycetinis very favorab 


See next page for full prescribing 
information. 





. Bacteroides... 


often an indication for 


" CHLOROMYCETIN 


~ (Chloramphenicol) Sodium Succinate 


PARKE-DAVIS 





Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
Indications section. It must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on Clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 10% solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 9996 over a three-day period. From 896 to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenico! diffuses rapidly, but its distri- 


bution is not uniform. Highest concentrations are found : 


in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol! rather 
than another antibiotic when both are suggested by 


°. 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 


1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranu!oma-psittacosis aroup 

e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedemae 
urtica@ia, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. e 
5. “Gray Syndrome” 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 5% dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 


d 
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achieve blood levels inhibiting the pathogen, but these %a 


high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 
Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), especially when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactlons.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


Infants and Children with Immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- 
formation available on request.) 


HOW SUPPLIED 


NDC 0071-1089-10 (Steri-Vial& No. 57) 
Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per millifiter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. 
US Pat Off 
PD-JA-1280-2-P (2-75) 


PARKE, DAVIS & COMPANY, Detroit, Michigan 48232 
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Surgical Progress 


Postoperative Changes in Autologous Vein Grafts 


JAMES C. A. FUCHS, M.D., JAMES S. MITCHENER, Ill, M.S., PER-OTTO HAGEN, PH.D. 


UTOLOGOUS SAPHENOUS VEIN Is the graft material 
A of choice for the bypass of small caliber arteries. 
This tissue became widely used for femoral popliteal 
bypass over the past 25 years and has achieved 
even greater prominence in recent bypass procedures 
for coronary artery disease. The initial follow-up 
studies of venous grafts in the peripheral circuit were 
concerned with long term patency, and as such they 
provided performance standards by which substitutes 
can be judged.'5?*?? Aside from sporadic descriptions 
of graft pathology 7: 95!.59.9 these early reports did not 
establish the incidence and types of pathologic changes 
which occur in peripheral grafts. 

When saphenous vein was used to provide vital cen- 
tral organs with blood flow,?95' the follow-up has 
been more intensive. This has included postoperative 
evaluation of patency by arteriography and complete 
histologic examination of graft material obtained at the 
time of re-exploration or at autopsy.” When such an 
approach is applied to consecutive patients,!*:!?? it of- 
fers data on the incidence of the distinctive histologic 
changes which can occur.*97.75.77 

This comprehensive technique has recently been ap- 
plied to a consecutive series of patients with peripheral 
artery bypass."* The data from this investigation, in 
combination with extensive animal experiments,!93%- 
41,50,55,57,58,60,79.82 support the contention that distinct 
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pathologic changes may occur in vein grafts whether in 
the central or peripheral position. Both human and ex- 
perimental work are combined in the present study 
in order to establish the characteristics of normal 
vein, the changes induced by preparation of a vein 
for grafting, and the alterations that are seen post- 
operatively. Special attention will be paid to the fea- 
tures that may be involved in the development of 
these pathologic changes. 


Normal Vein 


To understand the distinctive changes which occur 
in vein grafts, it is essential to have an appreciation of 
the normal characteristics of vein. Traditional light 
microscopy shows the vein wall to consist of three 
anatomic layers (Fig. 1). 

1) The intima is a thin endothelial layer on the 
luminal surface of the vessel. Beneath this lies the 
fenestrated basement membrane and occasional intimal 
cells. When seen in cross-section the intimal layer 
appears to lie in folds along the inner surface of the 
vessel. Due to poor cytoplasmic uptake of light micros- 
copy stains, only the nuclei are seen distinctively. 
With en face sectioning the orderly distribution of the 
nuclei of the endothelial cells can be appreciated 
(Fig. 2). 

2) In the media smooth muscle cells are arranged in 
an inner longitudinal and an outer circumferential 
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direction and are interlaced with collagen and elastic 
fibrils (Fig. 1). The elastic fibrils appear to be oriented 
predominantly in a longitudinal direction (Fig. 2). 

3) The adventitia forms the outer layer of vein wall. 
It is frequently thicker than the media and consists of 
a loose collagenous network interspersed with vasa 
vasorum. Longitudinal or spirally arranged smooth 
muscle cells may appear in the portion of the adventi- 
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tia adjacent to the media. The collagen fibers blend 7 
with the surrounding adipose tissue in the case of 
superficial, subcutaneous veins. 

With the recent techniques of transmission and 
scanning electron microscopy, new information is 
available concerning the fine structure of veins.?*59.79 
These methods are particularly valuable in defining 
the anatomy of the endothelial layer. Transmission 


Fic. 1. Normal human 
saphenous vein (X170, cross 
section with hematoxylin 
and eosin stain). The endo- 
thelium is seen as a mono- 
layer of nuclei (A). Medial 
smooth muscle cells are 
arranged in an inner longi- 
tudinal (B) and an outer cir- 
cular (C) fashion and are 
surrounded by the loose 
stroma of adventitia (D). 
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. electron microscopy shows the endothelial cells to con- 


sist of a large central nucleus surrounded by a thin 
cytoplasm (Fig. 3). The latter has the usual ultrastruc- 


` tural organelles as well as a large number of plasmalem- 


mal vesicles, many of which are open at the cell 
surfaces. In addition, microvilli have been demon- 
strated on the luminal border of the endothelium.?? 
Scanning electron microscopy conveys a vivid three- 


Fic. 2. Canine jugular vein 
(X250, Elastic tissue stain). 
The en face section shows 
the structural arrangement 
of the sheet of endothelium 
(A). The longitudinal elastic 
fibers can be appreciated 
in the media (B). (From 
Fuchs, J. C. A. In Sabis- 
ton, D. C., Jr. (ed.): Davis- 
Christopher Textbook of 
Surgery, Philadelphia, Saun- 
ders Company, 1977.) 
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dimensional impression of this region in which it is 
easy to appreciate the flat polygonal cells with their 
bulging nuclei and prominent intercellular ridges 
(Fig. 4). 

In the deeper layers of the venous wall, electron 
microscopy is restricted to transmission technics. 
Smooth muscle cells are seen to contain contractile 
fibers with dense bodies. In addition they have 
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Fic. 3. Canine jugular vein 
(x 15,000). Transmission 
electron micrographic view 
of an endothelial cell show- 
ing nucleus (N), mitochon- 
drion (M), and vesicles (V). 
(From Fuchs, J. C. A. In 
Sabiston, D. C. Jr. (ed.): 
Davis-Christopher Textbook 
of Surgery, Philadelphia, 
Saunders Company, 1977.) 
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Fic. 4. Canine jugular vein 
(x 2500). Scanning electron 
micrograph of the endo- 
thelial surface demonstrat- 
ing polygonal cells with 
flat nuclei and prominent 
intercellular ridges. (From 
Fuchs, J. C. A. Jn Sabis- 
ton, D. C. Jr. (ed.): Davis- 
Christopher Textbook of 
Surgery, Philadelphia, Saun- 
ders Company, 1977.) 
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+ prominent subsurface vesicles as well as the normal 


ultrastructural organelles (Fig. 5). The predominant 


.cell type in the adventitia is the fibroblast that is 


surrounded by strands of collagen and elastin. 
Normal veins have also been examined in terms of 
their physical and biochemical properties .3?-45-50.66 
Pressure-strain studies performed to determine elastic 
properties of veins reveal these vessels to have a 
highly compliant phase over the range of venous 
pressure and a relatively noncompliant phase in the 
range of arterial pressures. Such a response is dif- 
ferent from that of arteries which maintain compliance 
over all venous and arterial pressure ranges.'? The 
initial biochemical studies of venous tissue involved 
histochemical assays.” Normal vein was found to have 
high degrees of lactic dehydrogenase activity and 
smaller amounts of other oxidative enzymes. Hydroly- 
tic enzyme activity was also detected in the forms 
of adenosine triphosphatase and esterases. Informa- 
tion is more recently available on the metabolic 
activity? and tissue content of lipids in normal 
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Fic. 5. Canine jugular vein (x20,000). Transmission 
fibers with dense bodies (F), subsurface collection of vesic 
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veins.” [n these studies, venous tissue appears to have 
a metabolism which is different from that of artery and 
which may account for the distinct patterns of lipid 
accumulation found in these vascular tissues. 


Prepared Vein 


Before being used as an arterial bypass, a vein 
must undergo preparation including dissection from its 
bed, ligation of its branches, flushing of the lumen, 
and distention to overcome spasm and to identify leaks. 
It may then be placed aside for varying periods of 
time before insertion. 

It is recognized that these procedures may pro- 
duce trauma in the vein. Light microscopy has 
demonstrated extensive sloughing of the fragile endo- 
thelium,* while scanning electron microscopy has also 
shown subintimal migration of polymorphonuclear 
cells,” crater formation in the cytoplasm (Fig. 6)>4:7! 
and fracture of the endothelial cells (Fig. 7).5*5? Swell- 
ing of the smooth muscle cells in the attenuated 
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electron micrograph of a medial smooth muscle cell showing contractile 
les (V), and surrounding matrix of collagen (C) and elastin. 
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medial layer is described? with accumulation of fluid 
and disruption of cellular membranes. In the adventitial 
layer, fracture of the bundles of collagen and thrombo- 
sis of the vasa vasorum is usually seen.” The 
changes induced by graft preparation have also been 
analyzed in terms of stress—strain relationships. Such 
physical investigations demonstrate significant altera- 
tions in the stiffness or distensibility of the vein, 
depending on the preparation technics used. ' 

These physical and anatomic changes have been 
ascribed to a variety of injuries. Direct physical 
trauma occurs with dissection of the vein but this can 
be minimal if careful technique is used.** Usually 
present, however, is the response of leukocytes which 
adhere to the endothelial surface and invade the sub- 
endothelial region whether surgical intervention is near 
to or distant from the dissected vein."^"* [t is pos- 
sible for considerable distention pressure (500—600 mm 
Hg) to be generated with the dilatation that is per- 
formed to overcome spasm and to detect leaks in 
the vein.'?? In addition, ischemic conditions that 
exist in the walls of vessels deprived of both intra- 
luminal blood and vasa vasorum are sufficient to result 
in cellular injury.!??*5* Such alterations are enhanced 
by the nonphysiologic pH of unbuffered solutions 
used to dilate and to support the veins between the 
time of removal and insertion.! All of these changes 
can be exaggerated by the metabolic stress to tissue 
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Fic. 6. Canine jugular vein 
(x2500). Scanning electron 
micrograph of a vein that 
has been dissected from its 
bed and deprived of intra- 
luminal blood flow for two 
hours. Note the presence of 
crater-like defects (C). (From 
Fuchs, J. C. A. /n Sabiston, 
D. C. Jr. (ed.): Davis- 
Christopher Textbook of 
Surgery, Philadelphia, Saun- 
ders Company, 1977.) 


maintained in an unperfused state at room tempera- 
ture. The value of listing such a variety of tissue 
alterations lies in the fact that most can be minimized 
or eliminated. With careful dissection, maintenance of 
luminal blood flow, low pressure distention, and 
storage in cold buffered solutions, the degree of 
injury appears to be slight and reversible.” ?*^ 


Acute Changes After Grafting 


The pathologic changes seen in vein bypasses are 
usually related to the length of time such grafts have 
been implanted. An early phase occurs in which the 
changes appear to be in response both to the injuries 
described above and to the new environment of high 
pressure and rapid flow. The intima shows areas of 
endothelial sloughing, and leukocytes and fibrin can be 
found on the denuded surface of the underlying 
basement membrane .??5?9 Edema, focal hemorrhage, 
and smooth muscle cell necrosis appear in the media'?? 
while the fragmented adventitia remain separated from 
the surrounding tissue bed. 

Early endothelial regeneration is common and will 
usually cover the internal luminal surface within six 
weeks. During this period the medial layer undergoes 
a fibrous transformation with collagen deposition and 
a decrease in the relative number of smooth muscle 
cells.? At the same time the surrounding adventitia 
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Fic. 7. Canine jugular vein 
(x3500). Scanning electron 
micrograph of vein pre- 
pared by distention of the 
lumen with saline. The 
endothelial cells have sepa- 
rated, exposing underlying 
collagen and basement mem- 
brane (B) with an adherent 
leucocyte (L). (From Fuchs, 
J. C. A. In Sabiston, D. C. 
Jr., (ed.): Davis-Christopher 
Textbook of Surgery, Phil- 
adelphia, Saunders Com- 
pany, 1977.) 


becomes incorporated by a periadventitial connective 
tissue layer. These acute changes appear to be due to the 
injury sustained during graft insertion, and they are 
accompanied by the elevated levels of glucose-6-phos- 
phate dehydrogenase that are characteristic of inflam- 
mation and repair.?? 

Most of these findings have come from experimental 
preparations which could be excised at precise time 
intervals. for study. Material available with the 
human use of this graft material usually depends on 
the occurrence of graft failure with subsequent loss 
of limb or life. When this functional failure occurs dur- 
ing the acute stage, it is usually due to thrombosis. 
This process accounts for most instances of graft 
failure occurring within the first month after graft inser- 
tion.*979$ Features that contribute to thrombosis are a 
low volume of flow through the graft,?9?* a hyper- 
coagulable state of the blood and blood particles, 55 
poor outflow available to the graft’? and technical 
errors created at the time of graft insertion.'* Even if 
the graft is not completely occluded, foci of thrombus 
can often be seen in the region behind open venous 
valves. (Fig. 8).? 

The exact incidence of thrombosis is not precisely 
known but with aortocoronary bypass grafts it has 
been reported in unfavorable situations to be as high as 
42% ,** and some investigators describe layering of non- 
occlusive intimal thrombi in a high percentage of patent 
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Fic. 8. Angiogram and postmortem view of an aortocoronary 
saphenous vein graft showing thrombus beneath the cusp of a vein 
valve. (From Mills, N. L. and Ochsner, J. L.: J. Thorac. Cardio- 
vasc. Surg., 71:878, 1976.) 
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grafts examined at autopsy or during subsequent 
surgery.'? In spite of these factors, the early patency 
rate in series of aortocoronary and renal artery bypass 
procedures is often as high as 90%. This suggests 
that early occlusive thrombosis occurs in a relatively 
small number of such patients.'*:'® In the peripheral 
position the immediate failure rate is higher, between 
20 and 3596,??-^* and is usually dependent on the flow 
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through the graft as determined by the factors men- 
tioned above. 


Chronic Alterations in Vein Grafts 


Evaluations of vein grafts in place for more than one 
to two months demonstrate a variety of well developed 
pathologic changes. A characteristic proliferation or 


Fic. 9. Aortocoronary sa- 
phenous vein graft (x20, 
Elastic tissue stain). After 
ten months this graft shows 
severe obstruction of the 
lumen with intimal hyper- 
plasia (Courtesy Dr. Donald 
B. Hackel). 


L? 


; 
ty 
e J 
, 

[a 
2) 527 4 
, 

* 
- 
X, 
< 


Ti 
A 
A 
{7 


1 ` 
aot of 


^ vw AM 
SW y. 
pot s as 
. J 2 S ' 


` 
ES 


Vol. 188 e No. | 


. intimal hypertrophy is well recognized in vein grafts.'°- 


63:69 Such changes have been termed "'arterialization"' 
and are thought to be a response to the high intra- 
luminal pressure. These findings have been noted 
especially in aortocoronary grafts in which thorough 
histologic examination frequently reveals evidence of 
this process.7*?? [n severe instances this may lead to 
graft occlusion (Fig. 9). Experimental data suggest that 
the initial phases of this response may occur within 
hours of implantation. The fibrous nature of this 
proliferative process was noted and led to the early 
designation of intimal fibrous proliferation.” With the 
aid of transmission electron microscopy, both fibro- 
blasts and smooth muscle cells have been identified,* 
thus making the general term of intimal hyperplasia a 
more accurate description. The luminal surface of this 
thickened layer becomes lined with endothelial cells, 
although the appearance of these cells is altered by 
the irregular underlying surface of hyperplastic tissue 
(Fig. 10). 

The pathogenesis of this process is not fully under- 
stood. Implicated in the development of such a re- 
sponse have been exposure of the graft to arterial 
pressure,!! shear stress forces,'’* the level of serum 
lipids,* immunologic injury,?? and the release of pro- 


Fic. 10. Canine jugular 
vein graft in the arterial 
circuit for 18 months 
(x1700). This scanning elec- 
tron micrograph shows the 
presence of normal flat- 
tened endothelial cells cov- 
ering the surface of an 
underlying irregular bed of 
hyperplastic tissue. (From 
Fuchs, J. C. A. /n Sabis- 
ton, D. C. Jr. (ed.): Davis- 
Christopher Textbook of 
Surgery, Philadelphia, Saun- 
ders Company, 1977.) 
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liferating factors from blood particles adherent to the 
luminal surface. Such changes are not limited to 
grafted vein, inasmuch as they have been described 
in implanted and endarterectomized arteries.?9?:*? 
Intimal hyperplasia thus appears to be a basic re- 
sponse of blood vessels to surgical manipulation. 

Such an intimal hyperplastic reaction is also a com- 
mon early finding in the arteries of animals with 
experimentally induced atherosclerosis. The concept 
that these intimal changes are associated with athero- 
sclerosis is strengthened by the occurrence of mature 
atherosclerotic plaques in vein grafts (Fig. 11). Fully 
developed lesions have been recognized in long-term 
human grafts in the peripheral circuit??*75* and 
in the aortocoronary position.? The earliest these 
lesions have been seen is six months postimplantation, 
and they increase in frequency as the graft remains 
in position. In series of peripheral grafts studied 
by angiography, the incidence of this disease may be 
as high as 796. Study of chronic aortocoronary 
grafts is now showing the occurrence of this process to 
be as high as 30% after three years. Some investiga- 
tors refer to the intimal changes seen frequently in 
chronic grafts as concentric fibrous plaques." 

There is strong experimental evidence that grafted 
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venous tissue can be induced to develop atherosclero- 
tic lesions.??9?75».5? Under hyperlipidemic conditions, 
venous tissue has demonstrated an avidity for the up- 
take of serum lipids surpassing that of arterial tissue 
in the same species.?* ^" Whether such serum factors 
are directly related to the development of intimal 
hyperplasia or atherosclerosis in human grafts is un- 
clear, but the manipulation of these factors through 
diet or drug therapy should provide means for 
postoperative treatment applicable to most of the 
patients requiring these procedures.?^ 

Histologic changes in chronic grafts are not limited 
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to the intimal layer. In the media, the smooth muscle 
cells become variably replaced by collagen and fibro- 
blasts while the ingrowth of scar tissue into the ad- 
ventitia brings about similar changes in the outer 
layer of the graft (Fig. 12). The net result of such 
changes is an alteration of the elastic properties of 
the graft. The graft vessel rapidly becomes a rigid 
tube of low compliance and its physical properties 
change little during the remaining life of the bypass.*^?* 

Fibrous incorporation of the graft may become 
excessive at certain points, producing graft stenosis. 
In consecutive series of both central and peripheral 


Fic. 11. Vein graft (x20, 
Masson Trichrome stain). 
After 27 months in the ar- 
terial circuit of a patient 
with a Type IV hyper- 
lipidemia, this graft demon- 
Pk strates lipid deposition in a 
a fibrotic and hyperplastic 
EE EN, intima, suggestive of mature 


HAE 
Me kde atherosclerosis. 
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Fic. 12. Canine jugular vein graft (x72). Masson Trichrome stain of a graft in the arterial circuit for one year. Note the ingrowth of dense 
collagen scar tissue adherent to the adventitia of the graft (arrow). 


grafts, the incidence of this phenomenon is found to be 
about 7% (Fig. 13).°° The origin of this process 
is thought to be either trauma from clamping of the 
graft or constriction from the suture of a branch of 
the graft. In both situations the adventitial scarring 
produces a narrowing of the graft that results in 
significant stenosis and reduction of flow. 

When fibrosis of the venous valve cusps occurs, a 
thickened web is formed which extends into the lumen 
of the graft and produces severe obstruction to blood 
flow." The incidence of stenosis due to fibrotic 
valves (Fig. 13) is as high as 6% in the peripheral 
vascular locations but has not been so frequently 
reported in the shorter, central organ grafts.” 

Dilatation or expansion of autogenous venous grafts 
is often seen when they are used in the renal artery 
position.!579?57 (Fig, 14) Repeated arteriograms show 
that almost half of the patients with this procedure 
have a nonprogressive, uniform enlargement of the 


graft which produces a 20% increase in transverse 
diameter. It is uncertain whether this dilatation is 
related to the high flow which these grafts sustain 
or to the expanding influence of arterial pressure in 
these bypass vessels which are relatively unsupported 
by surrounding tissue. The fact that this change is 
limited to the early postoperative period is probably 
due to the later occurrence of physical stiffening 
brought about by intimal hyperplasia and adventitial 
collagen deposition. Uniform dilatation in vein grafts 
to the femoropopliteal position has not been described. 

Local dilatation to the point of aneurysm formation 
has been seen in vein grafts irrespective of the site 
of insertion (Fig. 13).!729.61.57.7?77! Although this may be 
associated with atherosclerotic changes, the aneurysm 
tissue often does not differ histologically from the 
nonaneurysmal portion of the patent vein grafts. Even 
though autologous venous tissue generally remains vi- 
able, spontaneous necrosis has been detected in a 
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Fic. 13. Schematic representations of the types and incidence of 
pathologic changes as demonstrated angiographically in a series of 
260 patients with femoral popliteal grafts. (From Szilagyi, D. E., 
et al.: Ann. Surg., 178:237, 1973.) 


patent, functioning peripheral graft.*' This can occur in 
the absence of infection and may be related to intrin- 
sic abnormalities of the structure of the vein selected 
to perform the bypass. 


Prevention 


Autologous vein still remains the most effective 
arterial substitute for small vessel bypass despite the 
variety of pathological changes which can occur. The 
value of examining such alterations lies in the fact that 
this knowledge may make it possible to eliminate 
changes which compromise the postoperative function 
of the grafts. Minimization of dissection injury is 
clearly important. The techniques of graft insertion 
involve the meticulous application of vascular surgical 
principles. The length of the graft,** its angle of 
insertion,!?:? its configuration in the graft bed,!??? and 
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careful construction of anastomotic suture lines®’” are , 
all of vital significance. Whether one leaves intact 
venous valves within the graft or fractures them re- 
mains controversial.*?? If occlusion of the graft is ' 
necessary, only the most atraumatic clamps should be 
used in order to reduce the incidence of postoperative 
stenosis. Suture of branches must be carefully per- 
formed to avoid compromise of the lumen. 

The choice of peripheral outflow circuits is critical 
to the blood flow and subsequent patency of the 
graft. 94* Early thrombosis is best prevented by 
adequate flow through a properly inserted graft, al- 
though platelet function and clotting factors may play a 
contributing role. The use of agents to suppress platelet 
adhesiveness and prolong platelet survival may achieve 
more widespread indications and acceptance.** Peri- 
graft stinting has been described to prevent dilata- 
tion in postoperative bypasses;?**' however, this ex- 
pansion occurs only in the renal artery bypass situation 
and does not appear to be sufficiently progressive to 
warrant intervention. 

The control of atherosclerosis in grafted veins 
remains as controversial as treatment of this disease 
in arterial tissue. Although there is evidence to suggest 
that failure of grafts may be related to hyperlipidemia,” 
it has not been shown that control of serum level of 
lipids will alter this situation. Nonetheless, the majority 
of patients requiring these procedures have abnor- 
malities that predispose to arterial atherosclerosis ,?? 
and it appears reasonable to treat these patients with 
the appropriate diet or drugs. The relationship of 
chronic intimal changes with thrombosis" and im- 
munologic injury?? suggests that anticoagulant and im- 
munosuppressive agents may be of value. However, 
there are presently no hard data to support the use 
of such agents in routine cases. 





Fic. 14. Expansive dilatation changes seen in an aortorenal 
graft seven days (A) and 12 months (B) postoperatively. (From 
Stanley, J. C., Ernst, C. B. and Fry, W. J.: Surgery, 74:939, 1973). 
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The most common and least understood change, 
intimal hyperplasia, may result from many possible 


. features of graft harvesting and insertion. It appears 


to be an inevitable feature of the adaptation of 
venous tissue to the arterial environment. However, 
this process is usually limited and the resulting venous 
graft continues to function in most patients as a 
satisfactory conduit for arterial flow.* 

The prime value of appreciation of the changes that 
occur in vein grafts is that many such pathologic 
alterations are amenable to surgical correction. This is 
particularly true when the lesions are localized to a 
short segment of the graft. Since such changes may 
occur in as many as 30% of the grafts in a con- 
secutive series of procedures,” it is apparent that 
careful follow-up may prolong the functional life of 
autologous venous bypass grafts. 
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Experimental Cryopreservation and Autotransplantation of 


Parathyroid Glands: 


Technique and Demonstration of Function 


GEORGE S. LEIGHT, M.D., GEORGE A. PARKER, M.D., HENRY F. SEARS, M.D., STEPHEN J. MARX, M.D., 


RICHARD E. TERRILL 


A canine model for cryopreservation and autotransplantation 


of parathyroid glands was developed as a prototype for cryo- 
preservation of human parathyroid glands. Each of 18 dogs had 
two parathyroids removed, sectioned, and cooled at 2 con- 
trolled rate to —80° in media containing 10% dimethylsulfoxide 
and 10% autologous seruni. After storage for two months at 
—196° the tissue was thawed and implanted in muscle; the re- 
maining two parathyroid glands were removed from the neck. 
Function was assessed by monitoring serum calcium levels and 
rieasuriüg parathyroid hornione levels in venous effluent from 
the graft beds. Autograft function was demonstrated in ten of 
18 dógs; graft failure occurred in four dogs. In the remaining 
four dogs, function could not be evaluated because of accessory 
parathyroid tissue. Parathyroid tissue cryopreserved for nine 
months was documented to function in six of sevén dogs. Histo- 
logic study of the cryopreserved, autografted tissue showed 
normal parathyroid architecture. 


HE LONG-TERM PRESERVATION of whole organs and 
tissues in a frozen, viable state is one of the major 
goals in thé field of transplantation. Such techniques 
would allow more efficient and widespread use of those 
tissues available for transplantation and would permit 
storage of tissue for possible later autotransplantation. 
Although substantial progress has been made in the 
cryopreservation of unicellular tissues, there have been 
few major advances in the preservation of organs and 
multicellular tissues. One notable exception, however, 
is the cryopreservation of parathyroid glands. It has 
been shown previously that rat parathyroid glands, 
frozen for up to nine months, retain their functional 
capacity after transplantation into syngeneic recip- 
ients.’ The application of this technique to man would 
be of importance in several clinical situations for the 
managemient of postoperative hypoparathyroidism. 
However, because of the marked size difference be- 
tween rat and human parathyroid glands, the para- 
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thyroid cryopresérvation techniques employed with 
rats are not directly applicable to humans. In order to 
establish the optirnal metliods for cryopreservation of 
human parathyroid glands, a canine model was 
developed since the parathyroids of this species closely 
approximate the size of the human gland. This paper 
reports our technique of parathyroid cryopreservation 
and demonstrates that cryopreserved canine glands do 
function when autotransplanted. 


Materials and Methods 
Experimental Design | 


Adult mongrel dogs weighing 15—30 kg were housed 
indoors and maintained on dry dog chow containing 
not less than 2.5% calcium and 1.5% phosphorus; water 
was permitted ad libitum. For all operative procedures 
dogs were intubated after being anesthetized with iritra- 
verious sodium pentobarbital (25 mg/kg). 

Each of 18 éxperimental animals was prepared by 
neck exploration with removal of the two upper pard- 
thyroid glands (Fig. 1). The lower glands were identi- 
fied and each marked with a suture to facilitate location 
at reexploration. Parathyroid tissue obtained was pre- 
pared under sterile conditions by chilling in medium 
RPMI 1640 at 4^, removing all extraneous tissue, and 
sectioning into pieces measuring approximately 1.0 x 
2.0 x 2.0 mm. A total of 15-20 pieces were usually 
obtained froin each dog. These were placed in 2 cc poly- 
propylené screw cap vials (seven to ten pieces per vial) 
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l containing 0.5 cc of RPMI 1640 with 20% autologous 


serum: A 20% solution of dimethylsulfoxide (DMSO) 
in RPMI 1640, precooled to 4°, was then added slowly 


' to the vials to give a cryopreservative medium consist- 


ing of 10% DMSO, 10% autologous serum, and 80% 
RPMI 1640. Vials were then cooled at a controlled rate 
of —1° per minute to —80° in a Planer Biologic Freezer 
(G. V. Planer Ltd., Middlesex, England). Vials were 
then transferred to a storage unit where they were main- 
tained in the vapor phase of liquid nitrogen at — 196°. 

After the parathyroid tissue had been cryopreserved 
for two or nine months, vials were removed from stor- 
age and thawed rapidly in a 37° water bath until a single 
small ice crystal remained. The cryopreservative 
medium was slowly diluted over 10—15 minutes with 
RPMI 1640 containing 10% autologous serum at 4°. 
The diluted cryopreservative medium was then re- 
moved; the parathyroid tissue was suspended in fresh 
RPMI 1640 with 10% autologous serum, again at 4°, 
and allowed to reach ambient temperature. Care was 
taken to avoid subjecting tissue to rapid changes in 
composition of medium, pH; or temperature. Centrif- 
ugation and other forms of trauma to the tissue were 
also: avoided. While the thawing procéss was being 
carried out, animals were prepared by exposure of the 
hindlimb musculature and preparation of the graft bed. 
Each thawed parathyroid piece was quickly autotrans- 
planted into a separate pocket created by meticulous 
blunt dissection with fine forceps in the vastus medialis 
muscle of the hindlimb. Bleeding into these pockets 
was carefully avoided. The overlying fascia of each 
implantation site was closed with a suture to prevent 
extrusion of the implanted tissue. Animals received all 
tissue obtained from the two upper parathyroid glands. 
After the wound was closed in layers, the dogs under- 
went re-exploration of the neck with removal of the 
remaining parathyroid glands and the lower half of each 
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thyroid lobe, which is a frequent site of accessory para- 
thyroid tissue. At this point the only known parathyroid 
tissue present was the cryopreserved, autotransplanted 
parathyroid sections. Dogs were monitoréd with serum 
calcium determinations to assess autograft function. 
After the cryopreserved tissue had been implanted for 
60 days, the muscle bed containing all autotransplanted 
tissue was excised, fixed in 10% formalin, sectioned, 

and stained with hematoxylin and eosin. Prior to 
excision of the autografted parathyroid tissue in 13 
dogs, blood for parathyroid hormone radioimmunoas- 
say was drawn from one of the muscular branches of 
the femoral vein, thé smallest accéssible vein in the 
graft bed venous drainage system. 

Two groups of control animals were employed. To 
document the course in dogs suddenly made aparathy- 
roid, three animals underwent total parathyroidectomy 
in one stage without receiving transplants. As a control 
for graft bed removal, sham operations were performed 
under general anesthesia in three dogs. These consisted 
of removal of à séction of vastus medialis muscle iden- 
tical to the excised graft beds. 


Calcium Determinations 


Blood for serum calcium analysis was obtained from 
the non-occluded external jugular vein and was deter- 
mined on the autoanalyzer by a modification of the 
method of Kessler and Wolfman.* After graft bed 
removal, serum calcium Was measured every second or 
third day for three weeks and thereafter as indicated. 


Radioimmunoassay for Parathyroid Hormone 


Parathyroid hormone was determined by heterolo- 


 gous radioimmunoassay, employing radioiodinated 


bovine parathyroid hormone and a guinea pig antibody 
raised against bovine parathyroid hormone. At 
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Fic. 1. Technique for parathyroid cryopreservation and autotransplantation. 
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TABLE 1. Serum Calcium Concentration* 
Following Several Test Procedures 


Day of 
Procedure Day 3 Day 6 

Graft Bed Removal (10) 

Successful Auto- 

transplant | 9.06 + 0.28 6.46 + 0.30} 5.76 + 0.261 
Total Parathyroidec- 

tomy (2) Control 9.70 + 0.28 7.75 +0.14 5.70 + 0.281 
Graft Implantation (4) 

Graft Failure 9.85 + 0.70 6.90 + 0.361 5.02 + 0.471 
Graft Bed Removal (4) 

Incomplete Parathy- | 
. roidectomy 9.12 x 0.73 8.50 0.91 8.65 + 0.60 
Sham Operation (3) 8.96 + 0.58 8.10+0.71 8.73 + 0.85 


* Mean serum calcium in mg/deciliter + SEM. ( ) Number of ani- 
mals in group. 
f p < 0.01 (compared to serum calcium on day of procedure). 


1:300,000 final concentration this antiserum (GP-1) 
measured primarily the carboxyterminal immuno- 
reactivity. Dilutions of canine sera gave dose-re- 
sponse curves parallel to those obtained with the stand- 
ard of purified bovine hormone, and values are ex- 
pressed as nanograms per ml of bovine equivalent. 
Since pürified canine parathyroid hormone was not 
available, absolute concentrations of peptide could not 
be determined. 


Results 


In the control group, three animals underwent re- 
moval of four parathyroid glands without reimplanta- 
tion of parathyroid tissue. Two of these animals rapidly 
developed hypocalcemic tetany and died, and repre- 
sent successful total parathyroidectomies (Table 1). 
The serum calcium values obtained during the clinical 
course of one animal are shown in Figure 2. Following 
removal of four parathyroids in the third control dog, 
the serum calcium fell from 11.2 to 7.3 mg/100 ml; how- 
ever, it remained in the 7.0—8.0 mg/100 ml range, and 
the dog did riot develop tetány or other manifestations 
of hypocalcemia. It is probable that this dog had acces- 
sory parathyroid tissue which allowed its survival. 

In the experimental groups, 18 dogs had tissue cryo- 
preserved for one to two months (mean, 43 days) and 
seven dogs had tissue cryopreserved for nine months 
prior to autotransplantation. In the two month group 
the serum calcium values, which demonstrated a rapid 
decline following graft implantation and removal of the 
remaining parathyroids from the neck, showed a return 
to near normal levels two to three weeks after auto- 
transplantation in 14 animals. The mean serum calcium 
was 9.07 + 0.27 60 days after graft implantation com- 
pared to a prestudy baseline value of 10.87 + 0.18 
with all four parathyroids intact. This gradual raise in 
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serum calcium was thought to result from parathyroid 
autograft function. To further document that the cryo- 
preserved tissue was indeed functioning, the graft beds _ 
were removed after 60 days. Following graft bed ' 
removal, 10 of 14 dogs rapidly became hypocalcemic 
(Table 1) confirming that functioning parathyroid tissue 
had been removed. It was also possible to demonstrate 
viable parathyroid tissue histologically in sections 
through the excised muscle bed in six (Fig. 3). The 
serum calcium response of a representative successful 
autotransplant is illustrated in Figure 4. In the other 
four dogs, serum calcium values did not fall following 
graft bed removal, presumably because of residual or 
accessory parathyroid tissue which had not been re- 
moved (incomplete parathyroidectomy). Although the 
autotransplanted tissue could have been functioning in 
these animals, it was not possible to separate the 
function of autografted and accessory tissue; therefore, 
these dogs canriot be documented by serum calcium 
criteria to have had functioning autotransplants. 

In the four remaining experimental animals, the 
initial decline in serum calcium following autotrans- 
plantation and completion parathyroidectomy was not 
followed by a gradual return to normal levels (Table 1). 
It was sometimes necessary to maintain these dogs with 
intravenous calcium gluconate in order to provide an 
adequate period for recovery of autograft function. The 
inability of these dogs to attain a normal serum calcium 
represents a failure of the cyropreserved, autotrans- 
planted tissue to function sufficiently. In addition, there 


11.0 
10.0 


9.0 


Fic. 2. Total parathyroid- 
ectomy in one stage. Clinical 
course or dog 156. This 
control group animan ex- 
pired on day 13. 


8.0 


7.0 


CALCIUM mg/100ml 


6.0 


5.0 





Vol. 188 e No. 1 


was no histologic evidence of viable parathyroid tissue 
in muscle beds removed from these dogs. The proce- 
dures in all of these animals were performed during the 
early part of this study at a time when optimal tech- 
niques had not been established, and identifiable tech- 
nical errors were present in two dogs. 

To document that muscle excision alone does not 
affect serum calcium levels, sham operations were 
performed in three dogs. Excision of muscle beds con- 
taining autotransplanted parathyroid tissue had been 
followed by rapid declines in serum calcium in these 
dogs; however, over a period of several weeks, these 
animals demonstrated a gradual rise in serum calcium 
to near normal levels. When subjected to the stress of 
sham operation with removal of muscle without im- 
planted parathyroid tissue, serum calcium levels did 
not fall significantly (Table 1). 


Parathyroid Hormone Radioimmunoassay 


Normal levels of immunoreactive parathyroid hor- 
mone (PTH) are frequently not detectable in canine pe- 
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Fic. 3. Photomicrograph of hematoxylin-eosin stained section of 
muscle bed demonstrating viable parathyroid tissue which had been 
cryopreserved for 43 days. 
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Fic. 4. Successful autotransplant. Clinical course of dog 154. Note 
return to normal serum calcium level with autograft implanted. Rapid 
drop occurs following removal of parathyroid autograft. 


ripheral blood using our assay which employs labeled 
bovine PTH and antibodies raised against bovine PTH. 
Normal peripheral levels are near the detection limit 
of the assay and therefore difficult to interpret. Blood 
obtained from the femoral veins of hindlimbs contain- 
ing autotransplanted tissue similarly showed only low 
or undetectable levels. In order to demonstrate a large 
step-up in PTH levels, it was necessary to obtain blood 
from a small vein draining the graft bed. In six animals, 
blood for PTH radioimmunoassay was obtained from 
this source along with simultaneous peripheral samples 
from the external jugular vein. A second peripheral 
sample was drawn several days after graft bed removal. 
The results of PTH radioimmunoassay are shown in 
Table 2. The demonstration of greater than ten-fold 
step-ups in PTH levels found only in serum obtained 
from graft bed veins represents conclusive evidence 
that the autotransplanted tissue was indeed function- 
ing. As a control, serum obtained from an analogous 
vein draining a muscle bed without parathyroid tissue 
implanted had undetectable PTH levels. 


TABLE 2. Radioimmunoassay for Parathyroid Hormone* 
Six Week Cryopreservation 


Autograft in situ 
Autograft Excised 


Graft Bed Vein Jugular Vein Jugular Vein 
Dog 251 3.99 <0.30 0.33 
Dog 263 5.01 0.37 «0.24 
Dog 282 7.89 «0.30 «0.30 
Dog 286 3,72 0.33 0.27 
Dog 313 3.87 «0.30 «0.30 
Dog 256 0.36 0.39 «0.30 


* Values expressed in nanograms/ml. 
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TABLE 3. Radioimmunoassay for Parathyroid Hormone* 
Nine Month Cryopreservation 


Graft Bed Vein Jugular Vein 


Dog 338 0.400 .027* 
Dog 485 0.633 .024* 
Dog 501 1.368 l .033* 
Dog 568 1.698 .150* 
Dog 829 11.4601 .3601 
Dog 1394 0.687 .165* 
Dog 570 0.196* .030* 


* Values are below the detection limit for the assay. 
t Values expressed in nanograms/ml. 
£ Not determined in same assay as other samples. 


Long-term Cryopreservation 


In a second experimental group of seven dogs, para- 
thyroid tissue was cryopreserved for nine months prior 
to autotransplantation. Function of the autotrans- 
planted glands was then assessed using both serum 
calcium and parathyroid hormone criteria. The results 
of PTH radioimmunoassay in this group are shown in 
Table 3; the values presented in Tables 2 and 3 were 
obtained from assays performed at separate times and 
therefore cannot be compared directly. In six of these 
seven dogs large step-ups in detectable PTH levels 
were documented in the graft beds venous effluent 
demonstrating function of the cryopreserved, auto- 
transplanted parathyroid tissue. Serial serum calcium 
levels further confirmed these results; the single graft 
failure in this group by PTH criteria also failed to show 
a fallin serum calcium following graft bed removal. The 
other six dogs demonstrated a significant fall in serum 
calcium after autograft removal. 


Discussion 


Using a guinea pig model for frozen thyroid auto- 
transplants, Blumenthal and Walsh? in 1950 inciden- 
tally encountered successful parathyroid grafts which 
had been frozen inadvertently and transferred with the 
thyroid tissue. These autotransplants had been cryo- 
preserved at —70? for 24 hours and appeared histo- 
logically normal 13 days after reimplantation. Russell, 
Wood, and Gittes® demonstrated in 1961 that rat para- 
thyroid glands frozen in 15% glycerol and stored at 
—195? for two and one-half months retained their func- 
tional capacitv. Wells? in 1974 reported cryopreserved 
of rat parathyroid glands for as long as nine months, with 
return of function following reimplantation. The suc- 
cessful storage of functional parathyroid glands by tis- 
sue culture techniques for up to six weeks has recently 
been reported." 

Data presented in this study demonstrate that the 
» larger parathyroid glands of dogs also can be cryopre- 
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served successfully with maintenance of functional 
capacity and structural integrity. Although some modi- 
fications were necessary, the techniques employed - 
were similar to those reported previously for the rat ' 
model. One modification critical to the success of this 
study was the division of the parathyroid glands into 
small pieces to allow for an increased rate of heat trans- 
fer during both the freezing and thawing processes. 
Although no comparison was made between the cryo- 
preservation of whole glands versus small parathyroid 
pieces, it was found on histologic review of graft beds 
that some of the larger cryopreserved pieces had areas 
of central necrosis presumably secondary to their non- 
uniform freezing characteristics. Others have sug- 
gested,?? and we concur, that it is optimal to divide ca- 
nine parathyroid glands into small pieces prior to cryo- 
preservation. The other technical point which deserves 
emphasis is the necessity for very careful handling of 
tissue during the thawing process. The importance of 
this phase was not appreciated during the early portion 
of this study, and this undoubtedly contributed to sev- 
eral of the graft failures. After the tissue is brought to 
4? during the initial rapid thawing phase, the importance 
of gradual changes in temperature, pH, and composi- 
tion of medium to subsequent graft viability cannot 
be overemphasized. 

Demonstration ofthe functional integrity of the cryo- 
preserved tissue was a major objective of this study. If 
function is to be documented only by the parathyroid 
effect on the serum calcium level, the importance of re- 
moving all parathyroid tissue other than the autotrans- 
plant is obvious. This problem is partially overcome in 
our experimental design by removing the autotrans- 
plant and following the serum calcium levels; only in 
dogs who rapidly become hypocalcemic can it be as- 
sumed that the autotransplant was of major importance 
in the maintenance of serum calcium. Although the ten 
dogs with successful autotransplants became hypocal- 
cemic at a rate identical to contro] animals (total para- 
thyroidectomy), eight showed a gradual subsequent 
rise in serum calcium over a period of several weeks. 
At this time, with calcium values in the 6.0 to 8.0 range, 
they demonstrated no signs of hypocalcemia. The 
stress of sham operations performed in three of these 
dogs did not cause a significant decrease in calcium 
levels, suggesting that rapid declines in serum calcium 
were specifically caused by autograft removal. The 
adaptation to the aparthyroid state in dogs surviving the 
initial insult of total parathyroidectomy has been previ- 
ously described.!? Whether this represents a true non- 
parathyroid adaptive response or the presence of acces- 
sory parathyroid tissue 1s conjectural. Although serum 
calcium measurements clearly documented that the 
frozen autotransplanted tissue was functioning and sus- 


* 


.. - Vol. 188 e No. 1 


.» 


s 


taining normocalcemia in the ten successful autotrans- 
plants, it was not certain in eight of these ten dogs that 
this was the only functioning parathyroid tissue 
present. | 

A method more specific than monitoring serum cal- 
cium for demonstrating function of the cryopreserved, 
autotransplanted parathyroid tissue is the direct meas- 
urement of PTH levels. Radioimmunoassay for PTH 
was therefore used to confirm results obtained from 
calcium determinations. In the last group of six dogs 
whose procedures were performed under optimal con- 
ditions, five had markedly elevated levels of PTH in 
graft bed venous effluent clearly documenting function 
of the grafted parathyroid tissue. 

Another important consideration is the length of time 
that tissue can be preserved and still retain its func- 
tional capacity. It has been previously demonstrated in 
the rat model that cryopreservation for nine months 
caused a significant decline in the number of func- 
tioning grafts when compared to those preserved for 
two months.? These results indicate that in the dog 
model functional autografts can be achieved in a high 
percentage (86%) of those parathyroids cryopreserved 
for nine months. 

There are several clinical situations in which cryo- 
preservation of parathyroid tissue would be of potential 
use.!! The stimulus for this study was provided by our 
large clinical experience with reoperative parathyroid 
surgery in which permanent hypoparathyroidism is a 
frequent occurrence.! Patients undergoing subtotal 
parathyroidectomy for hyperplasia or inadvertent total 
parathyroidectomy secondary to thyroidectomy might 
also benefit from having cryopreserved parathyroids 
available for possible future reimplantation. The feasi- 
bility of parathyroid allotransplantation has been pre- 
viously demonstrated;?*!? successful, long-term cryo- 
preservation methods would be of importance in pre- 
serving tissue for allografting and could eventually lead 
to the establishment of tissue banks for parathyroid 
tissue. We are, therefore, enthusiastic about the clinical 
application of cryopreservation techniques used in this 
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study. Our current policy is to cryopreserve para- 
thyroid tissue from all patients undergoing neck explo- 
ration who have a substantial risk of developing perma- 
nent postoperative hypoparathyroidism. 
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Esophagogastrectomy: 


Data Favoring End-to-side Anastomosis 


JAMESON L. CHASSIN, M.D. 


Review of the literature since 1968 disclosed that the average 
mortality following esophagogastrectomy in 13 major institu- 
tions was 20%. Approximately half of the deaths were attrib- 
uted to leaks from the esophagogastric anastomosis. Further 
analysis of the literature revealed that both the rate of anasto- 
motic leakage and the rate of mortality were lower in end-to- 
side esophagogastric anastomoses as compared to the end-to- 
end type. Study of the author’s personal consecutive series of 
36 cases tends to confirm this finding. 


SOPHAGOGASTROSTOMY HAS BECOME the accepted 
method of reconstruction following resection for 
carcinoma of the esophagus and upper stomach. How- 
ever, a number of experienced surgeons have reported 
mortality rates which appear to be excessive (Table 1). 
The author's experience with 36 consecutive cases, 
on the other hand, was highly successful. Review of our 
own cases as well as the surgical literature suggests that 
this wide disparity in the success rate following esoph- 
agogastrostomy results from differences in the tech- 
nique of anastomosis. This paper attempts to elucidate 
those factors which favor successful results. 


Case Material 


This study is based upon 36 consecutive cases of 
esophagogastrostomy following resection, performed 
at the Booth Memorial Medical Center by the author 
or, in the majority of cases, residents under the author's 
immediate supervision. All cases since 1961 are 
included. During this time one case was explored and 
deemed nonresectable due to invasion of the arch of the 
aorta by esophageal tumor. Three cases of gastric 
tumor were not resected because of generalized abdom- 
inal carcinomatosis. Tumor involvement of celiac 
. lymph nodes or a moderate degree of hepatic metastasis 
were not considered contraindications to resection. 


Reprint requests: Jameson L. Chassin, M.D., Booth Memorial 
Medical Center, Flushing, New York 11355. 
Submitted for publication: September 6, 1977. 


From the Departments of Surgery of the New York 
University School of Medicine and the Booth Memorial 
Medical Center Affiliate, Flushing, New York 


There were 24 males and 12 females in this series, with 
an age range between 37 and 89 years and a mean of 71. 

Pathological diagnoses of the surgical specimens are 
listed in Table 2. These lesions were located as follows: 
middle third of the esophagus, five; lower third of 
esophagus, seven; esophagogastric junction or proxi- 
mal stomach, 24. 

The operative technique for the lower esophagus and 
upper stomach involved a thoracoabdoniinal incision 
through the left sixth intercostal space. The diaphragm 
was divided circumferentially at its periphery so as to 
avoid injuring the phrenic nerve. The esophagogastric 
junction was mobilized with division of the vagus 
nerves. The spleen was removed and the celiac axis. 
was cleared of lymph nodes and areolar tissue, dividing 
the left gastric artery at its point of origin. An appro- 
priate portion ofthe gastric cardia was resected with the 
specimen after closing the proximal margin ofthe resid- 
ual gastric pouch with an Autosuture TA-90 stapling 
device. Pyloromyotomy was performed, as well as an 
extensive Kocher maneuver which was intended to in- 
crease the upward mobility of the gastric pouch. 

After removing the specimen, frozen section exam- 
ination of the esophageal margin was carried out in 
order to guarantee that the anastomosis was free of 
tumor. Preferentially an end-to-side anastomosis was 
performed between the esophagus and the anterior 
aspect of the gastric pouch, at a point on the stomach 
6.0 cm distal to its cephalad margin (Fig. 1). A trans- 
verse incision was made in the anterior wall of the 
stomach at this point. The incision was slightly longer 
than the estimated diameter of the esophagus. The 
seromuscular coats were approximated with inter- 
rupted Cushing sutures of interrupted 4-0 cotton. The 
mucosa was then approximated with interrupted su- 
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ESOPHAGOGASTRECTOMY 23 
n TABLE 1. Leaks and Deaths Following Esophagogastrostomy 
: Leak Rate 
Es Mortality Type of 
Author # Cases Total Fatal # Died Rate Anastomosis 
Humphrey 19685 243 8% ` 61 25% N.S. 
Maillard 1969?! 472 19% 17% 160 34% Mixed 
Kock 196919 17 2496 9 5396 Eto E 
Gunnlaugsson 19705 S41 6% 70 13% Eto E 
Collis 1971? 31-50 2496 26 5296 Eto E 
#51-300 2% 38 15% EtoE 
#301-400 6% 12 12% EtoE 
Total (Collis) 400 6% 76 19% 
Inberg 1971? 65 12% 8% 10 15% EtoE 
Fisher 19725 ' 31 0% 0% 4 13% E to S 
Carey 19724 37 0% 096 0 0% EtoS 
Belsey 1974! ; 140 1496 1196 39 28% EtoE 
Boyd 1975? 56 2% 5 9% EtoS 
Skinner 1976!* #1-17 41% 11 65% EtoE 
#18—40 0% 0% 0 096 E toS 
Total (Skinner) 40 096 1896 11 28% 
Hermrech 19767 28 18% 14% 6 21% N.S. 
Sefton 197733 70 21 30% N.S. 
Okada 1977? 84 096 096 7 8% EtoS 
Total 2,224 ' 996 431 2096 Mixed 
This Series 11 18%* 0% 0 0% EtoE 
25 0% 0% 0 0% EtoS 
36 6% 0% 0 0% 


* Subclinical leaks. N.S. = Not stated. E to E = End to End. E to S = End to Side. 


tures of the same material with the knots tied inside the 
lumen. After the posterior row was completed, the 
nasogastric tube was passed into the gastric pouch and 
the anterior layer of the anastomosis was completed by 


If more than half or two-thirds of the stomach had to 
be removed to insure an adequate tumor margin, then 
total gastrectomy with esophagojejunostomy was 
performed. Such cases were omitted from this studv. 


the same technique. By a technique similar to that 
described by Fisher and associates,? an effort was 
made to transect the esophagus in such fashion that the 
anterior wall was one centimeter longer than the 
posterior wall. As a result, the circumference of the 
anastomotic line was lengthened, reducing the potenti- 
ality for postoperative stricture. 

When there was an inadequate length of gastric 
pouch for the above procedure, end-to-end anastomo- 
sis was performed between the esophagus and the left 
lateral portion of the stomach (Fig. 2). In all cases the 
gastric pouch was carefully sutured to pleura or prever- 
tebral fascia in the mediastinum so as to avoid tension 
at the anastomosis. 





TABLE 2. Pathological Diagnoses 





No. of Cases LS 
Adenocarcinoma 19 * 
Squamous Cell Carcinoma 9 
Lymphoma or Reticulum Cell Sarcoma 6 ! 
A Anaplastic Carcinoma 2 Fic. 1. End-to-side anastomosis, demonstrating how posterior line of 
Total 36 anastomosis is protected by anterior gastric wall. (1a, circle) Sagittal 


section through anastomosis. 
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Fic. 2. End-to-end esophagogastrostomy. (2a, circle) Coronal sec- 
tion through ‘‘angle of sorrow” demonstrating bulky nature of turn- 
in on medial aspect of stoma, which impinges on lumen. 


For miiddle esophageal lesions, resection was carried 
out by combined right fifth interspace thoracotomy and 
midline laparotomy. The abdominal portion of the 
technique was similar to that mentioned above except 
that the spleen was usually left behind. The stomach 
was divided at the esophagogastric junction. In all of 
these cases an end-to-side anastomosis to the anterior 
wall of the stomach was performed high in the right 
chest. 

In 12 cases the Autosuture stapling device was uti- 
lized to fashion the esophagogastric end-to-side anas- 
tomosis. A 1.5 cm vertical slab wound is made on the 
anterior gastric wall 6 cm distal to the proximal end of 
_the gastric pouch. After the esophagus has been tran- 
sected and the specimen remioved, the open-ended 
ésophagus is placed over the anterior gastric wall in 
such fashion that the lumen of the esophagus is in prox: 
imity with the stab wound in the stomach (Fig. 3). A 
back-to-front anastomosis is constructed by the GIA 
anastomosing device which is inserted, one fork into 
the open end of esophagus and the other into the gastric 
Stab wound (Fig. 4). The depth of insertion is 3.5—4.0 
cm. After firing its staples, this device will have ac- 
complished completion of the posterior portion of the 
esophagogastric anastomosis (Fig. 5). The remaining 
anterior esophagogastric defect is closed by triangula- 
tion with two applications of the TA-55 Autosuture 
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stapling device (Fig. 6). This completes a fairly large . 


end-to-side esophagogastric anastomosis. 


Postoperative care was marked by meticulous atten- . 


tion to tracheal toilet supplemented by respiratory 
physiotherapy. All patients were cared for postopera- 
tively in the Intensive Care Unit until the thoracic 
drainage tube was removed. In the past ten years all 
patients were closely monitored by frequent determina- 
tion of arterial blood gases. A few patients required 
ventilatory assistance with the volume respirator, 
generally for one or two days. Low pressure gastric 
suction was applied by means of a plastic nasogastric 
tube placed across the anastomosis during the opera- 
tion. Patients were permitted nothing whatever by 
mouth until the seventh day when tliey were taken to 
the x-ray department for an esophagram utilizing an 
aqueous iodinated contrast medium. If no leak was 
demonstrated, a full liquid diet was initiated and ad- 
vanced to a soft diet over the next few days. Figure 7 
shows the radiographic appearance of an end-to-side 
anastomosis which resembles the normal esophago- 
gastric junction. 

In recent years any patient, who had lost more than 
ten pounds in weight, was given pre and postoperative 
intravenous hyperalimentation. Antibiotics were gener- 
ally initiated the night before operation and continued 
until the thoracic drainage tube was removed. 


Results 


There were no hospital deaths in this series. Compli- 
cations are summarized in Table 3. In two cases of end- 
to-end anastomosis, peri-anastomotic leakage of small 


degree was detected on the postoperative esophagram. 


Neither patient experienced any symptom nor any 
clinical evidence of this complication. Both were con- 
tinued on intravenous therapy for another five or six 
days, at the end of which time oral feedings were ini- 
tiated without difficulty. In the two cases of left sub- 
phrenic abscess, the esophagogastric anastomoses 
were high up in the mediastinum, so that the abscesses 
were not considered to constitute an indication of an 
anastomotic leak. Both patients had ulcerated malig 
nancies of the stomach, and the subphrenic abscesses 
were attributed to bacterial contamination during the 
operation. In both cases the postoperative esoph- 
agrams showed no evidence of leakage. No patient in 
this series has required esophageal dilatation for post- 
operative stricture. 


Discussion 
A ten year review of the surgical literature disclosed 
an average mortality in 13 reports of 20% (Table 1). The 
more recent reports of 1974—7 seem to show slight 


improvement over those of 1968-71. These reports 
came from reputable institutions such as the Mayo 
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Fic. 3. Open-ended esoph- 
agus in position adjacent 
to stab wound in anterior 
gastric wall. 


Clinic, Johns Hopkins, and Memorial? hospitals. 
They include the experience of such authorities in the 
field of esophageal surgery as Belsey,! Collis,? Lortat- 
Jacob,!! Ellis,® and Skinner.!* 

About half of the overall fatality rate is attributed by 
the authors to anastomotic leaks (Table 1). Unfortu- 
nately, many writers did not cite their nonfatal leaks. 
Those that did comment on this item used, as the basis 
for their diagnosis of a leak, the clinical appearance of 
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such manifestations as esophagopleural fistula or empy- 
ema, rather than the more stringent standard used by 
the present author, namely the presence of any peri- 
anastomotic collection of contrast medium on the post- 
operative esophageal x-rays, even if nonsymptomatic. 

In analyzing the reasons for the good results which 
were achieved in this series, two factors became appar- 
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Fic. 4. GIA stapling device in position. 


Fic, 5. Completion of posterior stapled anastomosis. 
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ent. One is the quality of the intense postoperative care 
provided by the surgical residents trained at this uni- 
versity. The second is that anastomotic leakage has 
been completely eliminated in this series by careful 
end-to-side anastomosis. In our end-to-end cases, 
despite the absence of clinical symptoms, there were 
two instances of perianastomotic leakage on the post- 
operative esophagrams. À perusal of Table 1 shows 
substantial evidence that end-to-side anastomoses 
between esophagus and stomach result in a much lower 
incidence of leakage. The two largest series of end-to- 
end anastomoses reported, Gunnlaugson and asso- 
ciates,? and Collis,? each displayed a 6% incidence of 
fatal leakage and overall hospital mortality rates of 13% 
and 19%, respectively. On the other hand Fisher,° 
Carey? and Okada” had no fatal leaks and Boyd and 
associates? observed a 246 fatal leak rate, all using end- 
to-side esophagogastrostomy. Skinner! published a 
most interesting experience. In the first 17 cases of his 
series, in which all of the anastomoses were of the end- 
to-end type, his patients sustained a 41% incidence of 
fatal leaks and a 65% mortality. In the last 22 cases, 
which were done end-to-side, there was no instance of 
fatal leak. 


TABLE 3. Complications 
No. of Cases 


Atelectasis 

Pneumonitis 

Cardiac Failure 

Subphrenic Abscess 
Anastomotic Leak, Subclinical 
Pericarditis 

Cholestatic Jaundice 
Subcutaneous Wound Infection 


Total 20 
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Fic. 7. Lateral roentgenogram of end-to-side esophagogastric 
anastomosis, stapled, left supra-aortic, seven days following 
operation. 


Explanations for the increased complication rate 
following end-to-end esophagogastrostomy are not 
hard to find: 1) It is necessary partially to close the end 
of the stomach due to the disparity between the lumen 
of stomach and that of esophagus. This increases the 
technical difficulty of the anastomosis. 2) Blood supply 
of the gastric pouch at its proximal margin is inferior to 
that at the site of the end-to-side anastomosis. 3) Insert- 
ing the posterior layer of esophagogastric sutures may 
be difficult due to the fact that traction is often being 
applied to the esophagus to improve exposure, while 
the surgeon's hand and needle-holder may have to as- 
sume positions which are awkward for efficient and 
nontraumatic suturing. This factor may in some cases 
produce imperfections in this suture line. As seen in 
Figure 1, protection from posterior leakage is achieved : 
in the end-to-side cases by the buttress effect of a 6.0 cm 
segment of gastric wall behind the esophagus, whereas 
in end-to-end operations there is no second line of de- 
fense against technical error. 4) Although the anterior 
layer of either the end-to-end or the end-to-side esoph- 
agogastrostomy is much easier to construct without 
technical defects, even here the end-to-side version 
offers advantages. Figure 1a illustrates how it is practi- 
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cable to invaginate some of the anterior wall of esoph- 
agus into stomach for additional protection. If this were 
done with end-to-end anastomoses, the large inverted 
cuff would tend to produce stenosis at the stoma (Fig. 
2a). 5) Additional protection against leakage from the 
anterior aspect of the end-to-side anastomosis can be 
achieved by performing a Nissen fundoplication 
around the anastomosis. This also will help prevent 
postoperative gastroesophageal reflux,” but it requires 
the presence of a large gastric pouch and can not be 
performed, unless modified, when the proximal stom- 
ach has been resected. 

Most of the tumors in this series were located in distal 
esophagus or proximal stomach, and exposure was ob- 
tained by means of a long left thoracoabdominal inci- 
sion. Despite the findings of others,’ the author has 
been satisfied with this approach for lesions in this loca- 
tion. Exposure is excellent, unless one foolishly 
attempts to construct an anastomosis behind the aortic 
arch. In sucha case, the esophagus should be mobilized 
from behind the aortic arch and anastomosis performed 
above and to the left of the aorta after resecting posterior 
segments of one or two additional ribs. Comparing the 
left thoracoabdominal incision with the right thoracot- 
omy-plus-midline laparotomy, there did not appear to 
be any obvious difference in the incidence of respira- 
tory complications. This may, in part, be due to the 
preservation of the phrenic nerve by incising the dia- 
phragm in a circumferential, peripheral fashion, rather 
than in a radial direction. Nor did we encounter signifi- 
cant problems with postoperative pain at the site of the 


wire-sutured costal margin. Lesions in the middle half . 


of esophagus, on the other hand, should always be 
resected by a right-sided thoracotomy since this affords 
better exposure for tumors adherent to the aortic arch. 

All patients were able to eat a full diet satisfactorily 
after operation unless they developed recurrent medi- 
astinal carcinoma. Overall long-term postoperative 
survival in this series was no better than that of 
others,9? but excellent palliation was indeed attained. 


Surgery was followed by no deaths in 36 cases. This, - 


combined with an average 19 day postoperative hospi- 
tal stay for a group of patients with a mean age of 71, 
indicates that palliation can be achieved without exces- 
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sive morbidity or mortality. Review of available data 
indicates that the end-to-side anastomosis 1s safer than 
the end-to-end. 


Addendum 


Since this paper was accepted for publication, three additional 
patients have undergone left thoracoabdominal esophagogastrectomy 
with end-to-end anastomosis. Two were supra-aortic in location. 
There were no deaths and no anastomotic leaks, either clinical 
or radiographic. 
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Hepatic Inactivation of Vasoactive Intestinal Peptide in Man 


and Dog". 


AMIN M. EBEID, M.D., JEAN ESCOURROU, M.D., PETER B. SOETERS, M.D., PHILIP MURRAY, M.S., 
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In an effort to document the role of the liver in the catabolism 
of vasoactive intestinal peptide, several different types of ex- 
periments were carried out, including: 1) simultaneous mea- 
surement of portal and systemic immunoreactive vasoactive 
intestinal peptide, both in the basal state and following calcium 
stimulation; 2) by measuring plasma concentrations of im- 
munoreactive vasoactive intestinal peptide before and after 
portacaval shunt; 3) by measuring plasma VIP before and 
after portacaval shunt following calcium, prostigmine and pen- 
tagastrin stimulation; 4) by determining plasma VIP levels 
in patients with liver disease and in hepatic failure, and in 
patients with variceal hemorrhage before and serially after 
portal systemic shunt; 5) by measuring CSF vasoactive intes- 
tinal peptide in dogs before and after portacaval shunt and 
when the animals finally succumb to hepatic failure. The re- 
sults consistently suggest that the shunting of portal blood 
away from the liver does not result in significant elevation 
of basal peripheral plasma levels of vasoactive intestinal pep- 
tide. Following stimulation however, increased amounts of peri- 
pheral plasma VIP are detected, following calcium, pentagas- 
trin and prostigmine release of VIP. Portal vein levels are 
always significantly higher than peripheral plasma VIP again, 
confirming a catabolic role for the liver. In patients, elevation 
of peripheral plasma VIP is seen in hepatic failure, but not 
after portacaval shunt. Finally, cerebrospinal fluid VIP is ele- 


vated in dogs following hepatic failure, confirming the presence. 


of a neural-gut axis and suggesting an influence of hepatic cata- 
bolism of VIP not only in the periphery, but also within the 
central nervous system. l 


ASOACTIVE INTESTINAL PEPTIDE (VIP) is a 28 amino 
V scia candidate hormone recently isolated by Said 
and Mutt from the porcine duodenum”. It is released 
into the portal circulation from the entire length of the 
gastrointestinal tract and possibly from the pancreas 
as welP?. Its structure has been determined and its 
many actions demonstrated!19.12714, 


* A portion of this paper, ‘‘Pentagastrin Release of Vasoactive 
Intestinal Peptide." was presented at the Tripartite Meeting of the 
Society of University Surgeons, the British Society for Experimental 
Surgery and the European Society for Surgical Research, Philadel- 
phia, Pennsylvania, September 27—29, 1976. 

Reprint requests: Josef E. Fischer, M.D., Massachusetts General 
Hospital, Boston, Massachusetts 02114. 

Submitted for publication: July 8, 1977. 
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and Harvard Medical School, 
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Previous work has suggested that the site of VIP in- 
activation is the liver*?. The purpose of this study 
was to determine whether the liver had a role in the 
inactivation of VIP in the following manner. 


First: | By the simultaneous measurement of plasma 
| VIP levels and portal and systemic vein in the 
anesthetized dog. If portal vein levels were 
significantly higher than peripheral levels, he- 
patic inactivation has occurred. 

Second: By the study of the effect of portal systemic 
shunting on basal and stimulated immunore- 
active plasma VIP levels in the dog. 

By determining plasma VIP levels in patients 
with liver disease and hepatic encephalopathy 
(presumably on the basis of hepatic failure) 
and in patients with variceal hemmorhage 
both before and serially after portal systemic 
shunt. In this way, at least in man, the con- 
tributions of diminished hepatic function and 
portal systemic shunting to elevation of VIP 
levels would be determined. 

VIP has been reported as being a normal com- 
ponent in brain?. VIP was measured in the 
CSF in dogs under normal circumstances and 
in hepatic encephalopathy, each animal serv- 
ing as its own control. The effect of hepatic 
function on brain VIP, if any, would thus be 

ascertained. l 


Third: 


Fourth: 


Animal Experiments 
Methods 


Mongrel conditioned dogs weighing between 18—22 
kg were used throughout. All blood samples were taken 
with the animal in the fasting state, but not anesthetized 
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. unless otherwise noted. Blood was collected i in chilled 
heparinized tubes, and centrifuged for 15 minutes (3000 


-*x.. rpm) at 4°, and the separated plasma frozen at —70° until 


‘radioimmunoassay. Basal samples were taken at least 
twice in each animal. 


Simultaneous Determination of Plasma Samples in 
Portal and Systemic Vein 


Five dogs were anesthetized with Surital and through 
a midline laparotomy, the portal vein was cannulated 
through a small intestinal radical with a catheter threaded 
proximal into the main portal vein. For the '*peripheral 
venous sample” the left femoral vein was cannulated 
and the cannula threaded into the inferior vena cava 
and blood drawn at zero, three, five, ten and 30 minutes 
following calcium stimulation. 


Experiments in Animals with End-to-Side Portacaval 
Shunt 


Six mongrel dogs (weighing 18—22 kg) were sub- 
mitted to midline laparotomy under Suritol anesthesia. 
An end-to-side portacaval shunt was then performed. 
Clamping time was always less than 20 minutes and the 
abdomen was closed in two layers. Animals were main- 
tained on intravenous fluids for the first 24 hours and a 
normal kennel diet thereafter until they went into en- 
cephalopathy. Antibiotics (penicillin and streptomycin) 
were administered for the first 72 hours. 


Release Experiments in Shunted Dogs 


Substances known to release vasoactive intestinal 
peptide were administered to each animal, before and 
approximately five weeks after shunt surgery, each ani- 
mal serving as its own control. These releasing sub- 
stances were: 1) Calcium 0.25 mEq/kg body weight 
given in an intravenous drip over a period of 5 minutes, 
for a total dose of 180 mg of Ca++ in an 18 kg dog. 2) 
Neostigmine 0.07 mg/kg given over one minute in 10 ml 


normal saline. 3) Pentagastrin 0.6 ug/kg given over one . 


minute intravenously in 10 ml normal saline. 


CSF Levels in Dogs in the Normal State After Shunt 
and During Encephalopathy 


Cisternal CSF is thought to be representative of at 
least some of the metabolism of the canine brain. CSF 
samples were drawn by cisternal puncture, under light 
anesthesia (any movement during puncture would be 
fatal) in six different mongrel dogs of 18—22 kg, before, 
one and two weeks after end-to-side portacaval shunt 
and when the animal went into hepatic failure and en- 
cephalopathy, generally five weeks after shunt. Statis- 
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TABLE |. Plasma VIP In Portal vs. Systemic Vein 
(5 Normal Dogs) (pg/ml) 


Following Calcium Stimulation 


Basal u——9"ÓHáÀ e Ri e 
Values 3° 5 10’ 30° 

Portal Vein 240.0 - 469.3 447.0 503.5 325.3 

+316 ` +602 +76.2 + 105.5 + 38.6 

Systemic Vein 137.6 196.4 185.1 234.1 150.8 

+ 26.7 +22.8 +27.7 +96.7 + 42.6 

p <0.05 <0.01 <0.02 <0.20 «0.02 


tical analysis was by students t test with Yates Cor- 
rection unless otherwise noted. ! 


Patient Values g 


Plasma VIP Levels in Patients with Hepatic Disease 
Both Before and After Portal Systemic Diversion and 
in Encephalopathy 


To determine in man whether portal systemic shunt 
(i.e., portal blood -bypassing the liver) or decreases 
in hepatic function would result in elevations in plasma 
VIP levels, plasma VIP was determined serially in seven 
patients before and after end-to-side portacaval shunt. 
In 11 other patients in various stages of hepatic en- 
cephalopathy, plasma VIP levels were serially drawn. 
These were compared in turn to samples in patients 
with known cirrhosis of the liver, but without gross 
hepatic failure and control values obtained in patients 
without known gastrointestinal disease as well as in 
normal volunteers. —— 


Radioimmunoassay Technique 


Radioimmunoassay was carried out by a technique 
previously described*9. Antibody was raised in rabbits 
to VIP coupled to bovine serum albumin. Incubation 
was with VIP-I" iodinated by the method of Hunter 
and Greenwood?. Separation was achieved by dextran- 
coated charcoal. 


Results 
Immunoreactive VIP in Portal and Systemic Vein 


Basal and stimulated levels of VIP were consider- 
ably higher in portal vein than in inférior vena cava 
both in the basal state and after calcium stimulation 
(Table 1). Peak portal VIP (Fig. 1) was 469.3 (+31.6) 
pg/ml at three minutes as opposed to the 196.4 (+22.8) 
pg/ml in the periphery (p « 0.01). 

This experiment demonstrates that at least some, and 
probably much VIP is released from the gastrointes- 
tinal tract, and that some is degraded by the liver before 
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Fic. 1. Release of vasoactive intestinal peptide by calcium as mea- 
sured in portal and systemic vein. Calcium was infused as described 
in the text into anesthetized dogs and blood samples drawn and 
assayed as described. Results are given as means + SEM for groups 
of five dogs. l 


it reaches the periphery. While some dilution of portal 
VIP may occur, the differences however are consider- 
ably greater than those obtained in a similar study with 
gastrin *, in which presumably the same dilution factor 
should apply. 


Release of VIP Following End-to-Side Portacaval 
Shunt 


Following end-to-side portacaval shunt, basal VIP 
levels were only slightly, but never significantly higher 
than the basal levels obtained before the shunt (Tables 
2—4). Following calcium stimulation, VIP concentra- 
tion was considerably higher 496.6 (+ 108.5) five weeks 
after the shunt as compared with 177 (+30) pg/ml before 
the shunt (p < .01) (Table 2). Following prostigmine 
challenge larger amounts of VIP were released after 
shunt (2498 + 539 pg/ml) as compared with preshunt 
values (442 + 101 pg/ml) (p < .05) (Table 3, Fig. 2). 

When pentagastrin was utilized to release VIP (Fig. 3), 
a similar pattern was observed. The peak VIP elevation 
occurred at two minutes with 463.0 + 87.9 pg/ml before 
the shunt and 997.5 + 302.5 pg/ml after the shunt (p < .05) 
(Table 4). 


VIP in CSF in Dogs Before and After Shunt 


Cerebrospinal fluid VIP concentrations were con- 
sistently elevated during encephalopathy when this was 
compared to the values obtained before portacaval shunt- 


None of these patients manifested diarrhea. No con- 
sistent correlation between the stage of encephalopathy 
and the VIP elevation was observed. 


Discussion 


In all of the above experiments, in both the basal 
and in the stimulated states, portal levels of immunore- 
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Fic. 2. VIP release by prostigmine stimulation. Prostigmine was 
given by the intravenous bolus technique as described in the text to 
dogs pre- and five weeks following end-to-side portacaval shunt. 
Results are given as means + SEM for a group of five dogs and 
represent immunoreactive VIP assayed as described in the text. Of 
interest is marked diarrhea observed in the postshunt dogs. 
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, TABLE 2. Plasma VIP Release by Calcium Stimulation in Six Dogs 


Before and Five Weeks after an End-to-Side Portacaval Shunt 
(Mean Values in pglml + SE of Mean) 


dí Basal 
Values aia M 10’ 30’ 
Preshunt 110 177 174 149 116 
+ 16 x 30 + 26 + 15 +R 
Postshunt 164.2 496.6 462.2 232.5 244.3 
+ 29.8 + 108.5 + 92.6 + 37.5 + 34.2 


p NS <.01 <,05 NS «.01 


active VIP exceeded those in the systemic plasma sam- 
ple. These results suggest that at least some vasoactive 
intestinal peptide is released into the portal circulation, 
and is catabolized by the liver. While these differences 
could be secondary to dilution of portal blood within 
the systemic circulation, the fact that similar changes 
were not observed when gastrin, which is not catabolized 
by the liver to a similar extent, is released by stimula- 
tion’ argues against a significant contribution of the 
dilution effect. Thus, the liver probably has some role 
in VIP catabolism, as has been previously suggested*". 
The next series of experiments attempts to answer 
whether shunting or blood per se or decreased hepatic 
function results in elevation of peripheral VIP. Follow- 
ing end-to-side portacaval shunt, basal levels postshunt 
were not significantly increased. On stimulation by cal- 
cium, pentagastrin, and prostigmine however, a marked 
increase in peripheral plasma vasoactive intestinal pep- 
tide is seen. Whether this merely reflects the alteration 
in blood flow pattern and the shunting of blood away 
from the liver, or some deterioration of hepatic function 
which is known to occur following end-to-side porta- 
caval shunt in dogs with previously normal livers is not . 


* 
* 


clear from these experiments. 


In patients however, it is clear that while shunting 
itself, does not increase basal levels significantly, he- 
patic failure (as manifested by hepatic encephalopathy, 
among other things) elevates plasma VIP to a consider- 
ably greater extent. Thus, at least in man and presum- 
ably in the dog, hepatic function rather than portal flow - 


TABLE 3. VIP Release by Prostigmine in Five Mongrel Dogs, 
Before and After Portacaval Shunt 
(Mean Values in pg/ml + SEM) 


Basal 
Values 3' 5’ 10’ 30’ 
Preshunt 132.0 242.2 369.6 442.2 389.4 


+ 15.0 +30.2 +99.9 +101.1 =+ 82.6 


Five weeks after 212.5 1258.0 1836.2 2498.2 1280.6 
ES PC Shunt t£ 78.5 + 405.1 + 386.5 + 539.2 + 374.6 


~p NS <.05 <.001 <.05 <.05 


i 
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Fig. 3. Vasoactive intestinal peptide release by pentagastrin stim- 
ulation, Pentagastrin was administered intravenously as a bolus as 
described in the text, in five preshunt dogs and in three dogs after 
portacaval shunt. Results are given as means + SEM for these groups. 


through the liver appears to play a more critical role in 
hepatic catabolism of VIP. 

Despite the increased level of VIP in patients in he- 
patic failure and particularly in the dogs following stim- 
ulation, no diarrhea was seen either in the patients or 
in the majority of the dog experiments. The singular 
exception was following prostigmine stimulation in dogs 


TABLE 4. VIP Values (pgiml) Following Pentagastrin Stimulation in 
Five Normal Dogs, Compared to the Values Obtained in 
Three Dogs Five Weeks after Portacaval Shunt 


Basal | 
Values a EM $3 10' 30' 
Preshunt 122.0 463.0 378.0 207.0 226.0 


+ 5.14 + 87.9 + 59.2 + 41.8 + 154.6 


Postshunt 190.0 997.5 527.5 330.0 270.0 
+ 70.0 0302.5 + 232.5 + 190.0 + 140.0 


p NS «.05 NS NS NS 
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TABLE 5. "VIP"-CSF -Levels in pilil as Seen in Seven Dogs NORMAL : À` 
Preshunt a Postshunt Encephalopathy 
Mean 51.14 67.3 168.8* 
. SE 8.9. 11.4 46.7 


' * Paired t test = p= <0.05. 


following end-to-side portacaval shunt in which marked 
diarrhea was seen, which correlated with the highest 
elevation in VIP seen in these experiments. The diarrhea 
however, may not have been a direct effect of VIP 
but an effect of prostigmine directly on the bowel, with 
. prostigmine being less well catabolized after end-to-side 
portacaval shunt. _ 
Several possibilities may account for elevated VIP 
‘following stimulation other than decreased hepatic ca- 


. tabolism of VIP (Fig. 4). While the liver may be capable : 


.of dealing with basal levels of VIP originating in the 
E portal circulation, the’ presence of.a sudden stimulus 
"such as calcium, prostigmine, or pentagastrin may over- 
whelm the now limited hepatic catabolic capacities re- 
sulting in the increases seen in the systemic plasma sam- 
. ples of immunoreactive VIP. 

Other possibilities exist however. ‘‘ Background” stim- 
ulation releasing VIP may be increased following end- 
to-side portacaval shunt. Some of the changes in metab- 
olism known to occur after portacaval shunt, such as 
álteration in peripheral plasma aminogram’, may ap- 
parently result in stimulation of gastrointestinal tract 
peptide hormones". With hepatic failure, the plasma 


concentration of these background stimulants could in-: 


crease markedly, and result in marked continuous re- 
lease of vasoactive intestinal peptide and other hormones 


as has been seen in the patients with hepatic failure!4.: 


Alternatively, increased background stimulation could 
render the portal bed, the source of some VIP, more re- 
active to a given stimulus. This overproduction, coupléd 
with decreased hepatic metabolic capacity could result 
in the excessive levels of VIP observed. 


TABLE 6. Plasma VIP Levels Measured in 11 Patients during 
Encephalopathy Compared to Normal Volunteers and 
Cirrhotic Patients Both Before and After 
Portal-System Shunting 


Cirrhotics (7) Cirrhotics (7) 


Normal before after | Cirrhotics (11) 
Volun- | Portacaval Portacaval in Hepatic 
teers —--Shunting Shunting Failure 
(16) (n = 12) (n = 26) (n = 38) 
Mean 45.5 "093.2 111.2 345.6* 
S.E. mean 6.8 16.6 12.7 51.9 


Student t test (encephalopaity vs. controls) showed a P < .001. 
There was no significant difference between the VIP levels obtained 
before and after the shunt, 


? PORTAL VEIN 





| 
LIVER METABOLIZES VIP 


CALCIUM RELEASE VIP 


(possibly by a mechanism 
of exocytosis} 


A. FOLLOWING COMPENSATED LIVER DISEASE OR 
PORTAL SYSTEMIC SHUNT : 


STIMULATION 


PORTAL VEIN 





HIGHER VIP RELEASE 


B. iN ENCEPHALOPATHY : 


"BASAL" 
ELEVATION 
= 





Fic. 4. Hypothetical mechanisms for increased VIP release follow- 
ing porta-systemic shunts and in hepatic failure. Several alternatives 
are possible. In the first instance, normal situation, calcium releases 
VIP possibly by exostosis. In alternative A a mechanism is postulated 
by which increased release takes place following portacaval shunt 
as the liver is no longer available to inactivate the released VIP. In 
addition, several background factors described in the text may render 
the area drained by the portal circulation more responsive to release 
stimuli for VIP following portacaval shunt. In panel B, hepatic f failure 
(encephalopathy) there is basal elevation as the liver is no longer 
capable of metabolizing vasoactive intestinal peptide. Physiological 
shunting of VIP containing portal blood occurs with either normal 
or increased release of vasoactive intestinal peptide. 


The excessive VIP within the cerebrospinal fluid in 
dogs in hepatic failure confirms the presence ofa neural 
gut axis. While it has been demonstrated that the VIP 
may be recovered from neural tracts? and synaptosomes? 
within the central nervous system it has not been dem- 
onstrated to our knowledge that alterations in peripheral 
metabolism influence the central metabolism of this 
neurotransmittér candidate peptide hormone. The ac- 
cumulation of VIP within the CSF of the brain must be 
the result of local metabolic changes. Since it is unlikely 
that vasoactive intestinal peptide crosses the blood brain 
barrier (in preliminary experiments in which purified 
radiolabelled VIP was administered systemically, none 
appeared in the CSF after two hours). The results 
strongly suggest that changes in peripheral metabolism 


© Vol. 188 e No. 1 | VASOACTIVE INTESTINAL PEPTIDE 33 


„may affect changes in VIP synthesis, degradation, or 

turnover within the brain in some way as yet unknown. 

~ » The data also support the concept that certain gut pep- 

‘tide hormones may participate in a gut— brain axis rais- 

ing the possibility of “hormone” mediated gut—brain 
interaction. 
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Inhalation Injury -An Increasing Problem 


JOSEPH A. MOYLAN, M.D.,* CHIN-KEUNG CHAN, M.D.T 


Inhalation injury is à common complication of thermal acci- 
dents occurring in one-third of patients burned. The routine 
use of fiberoptic bronchoscopy on ail patients incurring thermal 
burns provides an accurate and safe means for diagnosis. Al- 
though complications for inhalation injury are common, the 
mortality can be reduced by early diagnosis and attention to 
careful fluid resuscitation, aggressive pulmonary therapy and 
the avoidance of prophylatic steroids. 


"NHALATION INJURY IS A MAJOR COMPLICATION of 
fire accidents. This chemical burn of the airways 
occurs by inhaling the incomplete products of com- 
bustion causing surface damage to the larynx, proximal 
and distal airways and lung parenchyma. Until recently 
it was thought that the incidence of respiratory tract dam- 
age occured in up to 11% of patients with thermal burns??? 
However, these estimates which were based on indirect 
clinical criteria including flame burns involving the face, 
singed nasal vibrissae and burns sustained in a closed 
space have been shown to be inaccurate. With the 
availability of the fiberoptic bronchoscope, direct means 
of visualizing and evaluating the airways is now pos- 
sible. A review of a combined series of burn patients 
was undertaken to define the current incidence of in- 
halation injury and analyze the complications and out- 
come of this patient population. 


Methods 


The study population includes 100 consecutive seri- 
ously burned patients treated by one of the authors 
(JAM) admitted to the University of Wisconsin Burn 
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Center and the Duke University Burn Service. Baseline 
data on admission included determination of extent and 
depth of burn, arterial blood gases, blood chemistry 
survey, hemogram and chest x-ray. Fiberoptic bron- 
choscopy was performed in all patients following the 
instillation of topical anesthetic onto the nasal and pha- 
ryngeal mucosa and preoxygenation via mask oxygen. 
Criteria for the diagnosis of inhalation injury by bron- 
choscopy included edema, erythema or ulceration of 
the laryngeal or tracheal mucosa and soot in the tra- 
cheobronchial tree. 


Results 


Thirty-three of the 100 patients had bronchoscopic:., 


evidence of inhalation injury at the time of admission. 
The burn size of the patients with airway burns varied 
from 5% to 95% body surface area, with !/ of the patients 
in this group having thermal injuries less than 40% TBS. 
The ages ranged from seven to 82 years. Ninety-seven 
per cent of this group with airway damage had facial 
burns while only 75% were injured in closed space 
accidents. Chest x-rays were uniformally normal on ad- 
mission for patients with and without inhalation injury 
and over 80% of the group with pulmonary damage 
had normal initial arterial blood oxygenation (Po, greater 
than 70 mm Hg on room air). 

The pulmonary complication rate of the patient’s 
with evidence of airway damage was 73% and included 
partial or complete airway obstruction due to laryngeal 
edema necessitating nasotracheal intubation in eight 
patients, pulmonary edema in five, bronchopneumonia 
in eight and early rapid progressive pulmonary failure 
with hypoxia and hypercarbia in three individuals. The 
overall mortality for this inhalation injury group was 
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3396 with eight of the 11 expired patients dying as a 
direct result of the airway burn. 


~„— The pulmonary complication rate for patients with 


w 


‘no evidence of inhalation injury was 6% and included 
hematogenous pneumonia following septicemia in two, 
congestive heart failure in one and a single case of 
aspiration pneumonia. No patient had upper airway 
obstruction in this group. The mortality rate was 8% for 
patient who did not have airway damage. 

Twenty-six of the 33 with objective bronchoscopic 
evidence of inhalation injury were entered into a double 
blind study evaluating steroids in the treatment of air- 
way burns. Fourteen received steroids and 12 did not 
under this protocol. Of the remaining seven patients 
with airway damage, three received steroids by physi- 
cian’s choice. Steroid therapy consisted of methylpred- 
nisolone sodium succinate 30 mg/kg as an initial IV 
bolus, then 30 mg/kg/day in four equal doses per day 
for 48 hours. The average burn size of the steroid treated 
airway burn group was 55% body surface area (range 
5—95) and the nonsteroid treated inhalation injury group 
averaged 47% (range 9-80). The mortality rate for the 
steroid group was 5396 (9/17) while the mortality rate 
for those with inhalation injuries who were not treated 
with steroids was 1396 (2/16). The steroid treated group 
had almost three times the incidence of infectious com- 
plications, as either pneumonia or bacteremias than 
did those airway injured patients not receiving methyl- 
prednisolone (14 versus 5). 


Discussion 


Inhalation injury remains one the most serious con- 
sequences following thermal accidents. While various 
reports indicate that airway damage occurs in only up 
to 1196 of patients with burns, our experience with 
direct airway examination shows a three-fold increase 
in the incidence of inhalation injury. This marked in- 
crease represents both better diagnostic capabilities as 
well as an increase in the actual incidence ofthe thermal 
complication. In fact, the so-called '*early airborne pneu- 
monia” of burn injury!? occurring in the third to fifth 
day postinjury may have been subclinical airway in- 
juries with infection developing in the early resuscita- 
tive period. In addition there may be a real increase in 
inhalation injuries because of more synthetic materials 
in the environment. Combustion of polyvinyls and other 
plastic materials produce gases which are extremely 
noxious to the airway and lung parenchyma?^?. 

As CO poisoning is frequently associated with in- 
halation injury, the performance of arterial blood gases 
to determine the presence of CO is important. Low 
grade CO poisoning (« 1595), was not an unusual finding 
in this group*. While these levels are not particularly 
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dangerous, undiagnosed higher levels may be lethal 
when associated with actual airway damage. In addi- 
tion, special attention in preoxygenating patients prior 
to bronchoscopy should be given to patients with low 
arterial oxygen saturations. 

Direct visualization of the larynx, trachea and bron- 
chus can be accomplished without any morbidity pro- 
vided that a few principles are observed. Adequate 
and complete topical anesthesia must be carried out to 
prevent gagging and possible vomiting. The use of aero- 
solized carbocaine provides good topical anesthesia 
for the nasal and pharyngeal mucosa. Our approach is 
to inspect the upper airway using the fibroptic broncho- 
scope transnasally, advancing the scope to the level of 
the epiglottis where the true and false cords, the entire 
larynx and proximal trachea can be visualized. If any 
of the criteria for injury are present at this level, 5 cc of 
lidocaine is injected through the scope directly into the 
trachea and the scope is advanced through the cords to 
define the distal extent of the injury in the major airway. 

The diagnosis of inhalation injury using the broncho- 
scopic criteria of tracheobronchial mucosal edema, 
erythema, ulceration or soot in the airway has proven 
extremely accurate!. Pulmonary complication in pa- 
tients whose initial bronchoscopy was negative were 
rare and could be ascribed to causes other than pri- 
mary airway injury. The value of early diagnosis is im- 
portant as these patients are at a significantly higher 
risk for pulmonary complications. They require careful 
observation as early endotrachial intubation may be 
necessary as laryngeal obstruction develops. Vigorous 
pulmonary toilet should be started at the time of ad- 
mission to clear. secretions. Limited and carefully con- 
trolled fluid administration is mandatory since minimal 
over-resuscitation is poorly tolerated. 

Inhalation injury can be anatomatically divided into 
three levels: 1) upper airway injury (burn damage limited 
to the larynx and vocal cords); 2) major airway injury 
(burn damage involving the tracheobronchial tree) and 
3) parenchymal injury (burn damage involving the ter- 
minal bronchi and alveolar space) (Fig. 1). It is im- 
portant to identify the various levels of injury as the 
complications are different, especially in those individ- 
uals whose airway burn is limited to the upper airway. 
Using the bronchoscope, upper and major airway burns, 
which account for 90% of the patients with airway 
injury, can be diagnosed. Xe!?? lung scanning is neces- 
sary for the early identification of patients with paren- 
chymal burns’. 

Clinically there is a staged progression of the inhala- 
tion injury porportional to the extent and severity of the 
chemical burn. Respiratory distress and insufficiency 
may develop during the first few hours in patients with 
the most severe pulmonary injury involving the proximal 
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and distal-airways. This rapid progression results from 
bronchospasm and/or extensive alveolar damage and is 
almost universally lethal. The second phase occurring 
8—36 hours postinjury is the development of edema re- 
sulting in upper airway obstruction or pulmonary edema. 
It usually becames clinically evident in those patients 
with limited cardiopulmonary reserve and in those with 
over-vigorous fluid replacement. The last stage of in- 
halation injury, occurring after the third day, is bacterial 
pneumonia, usually bronchial in nature and associated 
with profuse bronchorrhea. | | 

The pulmonary complications in this series included 
acute upper airway obstruction which results from pro- 
gressive edema primarily of the false cords. This prob- 
lem becomes manifested during the first 24—36 hours 
post injurv. Áttention to the clinical signs of hoarseness 
and stridor provides indications of impending airway 
occlusion. Repeat fiberoptic bronchoscopy will confirm 
developing airway edema. The use of nasotracheal 
tube rather than a tracheostomy is an important adjunct 
in the treatment of upper airway obstruction. The air- 
way will require splinting until the edema resides which 
usually occurs by the fourth day postinjury. The use of 
a size eight cr nine nasotracheal tube will facilitate 
suctioning in those patients with bronchorrhea. Since 
the complications of tracheostomy are extremely fre- 
quent and serious in this group of patients even when 
there are no head and neck burns‘, every effort should 
be made to avoid this procedure. 


MOYLAN AND CHAN 


With parenchynal as well as major airway damage, . 


pulmonary edema may occur. It is essential to minimize 
the positive fluid balance necessary to reverse burn 
shock to prevent pulmonary edema. Excessive fluid" 
administration as evidenced by hourly urine outputs 
greater than 75 cc may result in increased tissue edema 
in both the airway and lung parenchyma and should be 
avoided. Some have suggested the use of central venous 
or Swan-Ganz catheter to evaluate fluid replacement? 
however these techniques increase the risk of infection 
and may be misleading due to increased capillary per- 
meability. | 

Progressive rapid pulmonary insufficiency without 
frank edema occurred in three patients with inhalation 
injuries. These patients deteriorated with severe hypoxia 
and hypercarbia in spite of intubation and volume venti- 
latory support. While the mechanism is not clear, it 
probably represents direct capillary-alveolar membrane 
damage. 

Bronchopneumonia occurs commonly with major air- 
way damage because of the loss of protective ciliary 
action. These patients clear their secretions poorly and 
have reduced systemic and local immune capabilities. 
While formerly prophylactic antibiotics have been rec- 
ommended for this burn complication, they have re- 
sulted in the development of pneumonia secondary to 


resistent bacteria! and should not be employed. Daily | 


sputum cultures should be obtained to isolate bacteria 
early, so that proper antibiotics can be administered if 
pneumonia develops. The most common infecting organ- 
isms are Staphylococcus aureus coagulase positive and 
gram negative bacteria such as Klebsiella Aerobacter’. 
If ventilatory support is necessary, the use of a volume 
respirator delivering high tidal volumes (15 cc/kg) is 
recommended. The addition of positive end expiratory 
pressure (PEEP) can be valuable since respiratory me- 
chanics performed in patients with inhalation injuries 
demonstrate decreased lung compliance and increase 
airway resistance. 

Vigorous pulmonary physical therapy with coughing 
and deep breathing exercises is an important aspect 
of the early care. While these patients frequently have 
bronchorrhea, the secretions are viscous and inspis- 
sated, causing small airway plugs, atelectasis, and pre- 
dispose to superinfection, making airway humidifica- 
tion important. As the patient begins to expectorate 
debri and plugs, nasotracheal suction and repeat bron- 
choscopy may be necessary if routine measures are 
not satisfactory in maintaining open bronchi. Broncho- 
spasm and wheezing can be treated with systemic or 
nebulized bronchodilators such as aminophylline. 

Of the 33 patients with documented inhalation in- 
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e juries, 17 individuals received systemic steroids for 48 

hours and 16 did not. The steroid treatment was as- 

—- sociated with an increased mortality rate (53% versus 

` 12%) and significantly more infectious complications 

such as pneumonia and bacteremia. Since no therapeu- 

tic benefit could be demonstrated and a higher mortality 

and morbidity occurred in the steroid treated group, 
prophylactic steroids should not be employed. 
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Results of Esophagocardioplasty with Gastric Patch in the- ^ 


Treatment of Esophageal Achalasia 


TSUYOSHI HIRASHIMA, M.D. HIROSHI SATO, M.D., TERUHIKO HARA, M.D., HIROSHI NAKAMURA, M.D., 
ISAO KAWAMURA, M.D., HIDEYO TAKEUCHI, M.D., MORIHIKO MUTO, M.D., HARUO OHKAWA, M.D. 


Since 1968 esophagocardioplasty with gastric patch was em- 
ployed in 57 patients as a primary operation for achalasia 
of the esophagus and eight patients with previous operations 
for achalasia. Satisfactory results were obtained in follow-up 
studies up to eight years. The results indicate that this pro- 
cedure is successful in dilating the lower part of the esophagus 
and esophagocardiac junction without interfering with their 
proper functions. This provides better passage through the 
junction with preservation of the mechanism which prevents 
reflux. 


SOPHAGOCARDIOPLASTY WITH GASTRIC PATCH Was 
devised by Hirashima and Sato* in 1968, as a new 
operative method for severe esophageal achalasia. Since 
then, the authors have performed this operation on 57 
patients as a primary operation for achalasia and in 
eight patients who had previous procedures. Follow-up 
studies to eight years indicate that this procedure is 
effective in elimination of dysphagial symptoms and 
also in the prevention of postoperative reflux esophagitis. 


Methods 


The operative procedure of esophagocardioplasty with 
gastric patch is as follows. The abdomen is opened 
through an upper midline incision. Absence of stenosis 
or any other organic change in the abdominal esophagus 
and cardiac portion of stomach is ascertained. The left 
hepatic triangular ligament is incised and the left edge 
of the liver is partially mobilized and reflected to the 
right to expose the cardiac portion of the stomach. 

The abdominal esophagus and the cardia are then 
carefully freed so as to avoid injury to the vagal nerves. 
The stomach is retracted caudally and the lower esoph- 
agus is pulled down into the abdominal cavity as far 
as possible. A longitudinal incision is made at the lower 
esophagus, beginning 5 cm above the junctional ring 
and extended 1 cm below the ring where the incision is 
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directed to the Ieft toward the fundus of the stomach 
at a right angle for 5 cm, and then redirected away 
from the fundus so as to make a tongue-like patch 
with a base of 2-2.5 cm. Such an incision is first made 
through all the layers except the mucosa, and the latter - 
is then incised (Fig. 1). With the gastric patch retracted 
to the right, the contents of the esophagus and the 
stomach are aspirated (Fig. 2). 

The tip of this gastric patch is brought up to the 
proximal end of the esophagus incision. The mucosal 
layers are first sutured with continuous stitches of chro- 
mic catgut (Fig. 3), and the muscular layer of esophagus 
and the seromuscular layers of the gastric patch were 
sutured with continuous silk sutures (Fig. 4). The in- 
cision is then closed. 

The effectiveness ofthis operation was evaluated from 
various points including preoperative duration of the 
disease, radiologic, esophagoscopic, and manometric 
classification as well as postoperative complaints. Com- 
parison of the effectiveness of the procedure was per- 
formed with those of several other procedures used in 
our institution including Heller's extramucosal myo- 
tomy,” cardiac resection, Heyrovsky’s esophagocar- 
diostomy, the same operation with pyloroplasty, 
Wendel's cardioplasty,!! cardiolysis and others. 

Achalasia of the esophagus was classified according 
to the radiologic findings defined by the Japanese Society 
of Esophageal Diseases.!? The disease is divided into 
three types depending on the form of esophageal dilata- - 
tion; spindle type, flask type and sigmoid type. In ad- 
dition the dilatation is graded into three by the maxi- 
mum diameter (d) of the lower esophagus; Grade I— 
d « 3.5 cm, Grade II—3.5 cm € d < 6.0 cm, and 
Grade III-—d = 6.0 cm. 

Esophagoscopic classification of achalasia was pre- 
viously defined by the authors.* A spastic contraction 
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Fic. 1. Formation of the gastric patch with the extramucosal incision 
on the lower esophagus and fundus of stomach. 


is observed at the physiological diaphragmatic con- 

> striction portion of the esophagus, but permits passage 

of an endoscope into the stomach (Type SI). A con- 

siderable dilatation of the diaphragmatic constriction is 

present with incomplete closure even in the contraction 

phase of esophagus (Type SII). The diaphragmatic con- 

striction is opened both in the dilatation and the con- 

traction phase. The esophagogastric junction appears 

severely stenosed, which may be mistaken for an 

organic stenosis. This type of achalasia does not permit 
passage of an esophagoscope (Type SIIT). 

Manometric examination divides the disease into Type 

A and B. With a normal esophagus, the pressure ob- 

tained during the resting phase is less than zero, but 

that of the cardiac portion of the stomach is slightly 

higher. A positive wave is observed in the esophagus 

_- during the contraction phase. In the cardiac portion, 
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Fic. 2. Retraction of the gastric patch to the right showing the mucosa 
of the esophagus and stomach. 





Fic. 3. Completion of mucosal sutures between the esophageal in- 
cision and the inserted gastric patch with sutures of chromic catgut. 


first negative, then positive waves are recognized in 
accordance with the dilatation and contraction phases. 
In Type A a little elevation of the resting pressure is 
seen both in esophagus and cardia. A positive wave, 
is present in both the portions, but no negative wave 
in the cardia. With Type B, a prominent elevation of the 
resting pressure is seen at esophagus and cardia. There 
are no waves at any portion. The essential difference 
between the two types is the presence of the positive 
wave in the esophagus and cardia of Type A, and its 
absence in Type B. 


Results 


From January 1946 to January 1977, 366 patients 
were treated in our institution. Of these, 228 were op- 
erated upon by various methods mentioned in the method 
section (Table 1). Two hundred and three patients were 





Fic. 4. Completion of suture line between the muscular layer of the 
esophagus and seromuscular layer of the stomach with continuous 
silk. 
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followed for more than 6 months. Overall postoperative 
results indicated that 130 patients (64.0%) were good, 
44 (21.7%) improved, and 29 (14.3%) unchanged. Mak- 
ing comparison of the different type of operations, esoph- 
agocardioplasty with gastric patch was best (Table 1). 
In 55 patients of the 57 operated upon with this method 
as a primary operation, 50 patients or 90.0% showed 
good results. The remainder of the patients in this group 
were all improved. Results obtained from the other 
operative procedures were worse than the above, and 
similar to each other ranging from 66.7% of Heller's 
myotomy to 42.1% for cardiolysis. 
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From the point of preoperative duration of the diseases, , 
postoperative results were compared between Heller's 
myotomy and esophagocardioplasty with gastric patch 
(Table 2). Fourteen to 20% of patients who had suffered ' 
more than one year prior to Heller's operation did not 
show any improvement. By esophagocardioplasty with 
gastric patch, however, 10096 of patients became well 
or improved even after five years suffering. 

The relationship of the results with the two kinds of 
radiologic classification are depicted in Tables 3 and 4. 
Heller's myotomy was good in the spindle type, but 
poor in the flask type. In contrast, esophagocardioplasty 


TABLE 1. Follow-up Results of Various Operative Procedures for Achalasia (January 1946 -January 1977) 


No. of patients 


No. of patients 


Procedures total followed-up* Good (26) Improved(%) Unchanged (%) 
Cardiolysis 2l 19 8 (42.1%) 3 (15.8%) 8 (42.1%) 
Heller’s extramucosal » 

myotomy . 21 18 12 (66.7) 1 4 (22.2) 2 (11.1) 
Wendel's cardioplasty 60 52 26 (50.0) :,, 14 (26.9) 12 (23.1) 
Heyrovsky's me 

esophagocardiostomy  . 36 31 17 (54.8) 11 (35.5) 3 (9.7) 
Heyrovsky’s Ope. 

with pyloroplasty 6 6 3 (50.0) I (16.7) 2 (33.3) 
Cardiac resection 27 22 14 (63.6) 6 (27.3) 2 (9.1) 
Esophagocardioplasty 

with gastric patch 57 55 50 (90.9) 5 (9.1) 0 

Total 228 203 130 (64.0) 44 (21.7) 29 (14.3) 


* More than 6 months. 


TABLE 2. Follow-up Resuits Versus Duration of Suffering 


Duration Cases Cases 





Procedures suffering total followed-up Good (96) Improved (92) Unchanged (£66) - 
Heller’s -1 yr. 7 6 4 (66.7%) 2 (33.390) 0 
extramucosal 1-5 6 5 4 (80.0) 0 — 1 (20.0) 
myotomy 5 8 7 4 (57.1) 2 (28.6) 1 (14.3) 
Total 21 18 12 (66.7) 4 (22.2) 2 (11.1) 
Esophagocardio- -1 yr. 7 7 6 (85.7) 1 (14.3) 0 
plasty with 1-5 24 21 20 (95.2) 1 (4.8) 0 
' gastric patch 5 26 27 24 (88.9) 3 (11.1) 0 
Total 57 55 50 (90.0) 5 (9.1) 0 
TABLE 3. Follow-up Results Versus Type of Dilatation 
Type of Cases Cases 
Procedures dilatation total followed-up Good (926) Improved (%) Unchanged (96) 
Heller's Sp. 8 7 6 (85.796) 1 (14.3%) 0 
extramucosal F. 7 6 3 (50.0) I (16.7) 2 (33.3) 
myotomy S. 0. 0 0 0. 
Total 15 13 9 (69.2) 2 (15.4) 2 (15.4) 
Esophagocardio- Sp. 27 26 25 (96.2) 1 (3.8) 0 
plasty with F. 16 14 13 (92.9) 1 (7.1) 0 
gastric patch S. 14 15 12 (80.0) 3 (20.0) 0 
Total 57 55 50 (90.9) 5 (9.1) 0 
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. With gastric patch was excellent for any type of the 
disease including the sigmoid type often seen in the 

~ advanced patients (Table 3). Regarding the grade of 
=` dilatation defined by x-ray examination, the results are 


clusions: both Hellers myotomy and the esopha- 
goplasty yield better results in earlier stages of the 
disease, though the later operation was still highly ef- 
fective for the late and severe types. The esophagocar- 


similar to the above (Table 4). Esophagocardioplasty 
was good even for the advanced Grade III. 

The postoperative results in connection with the pre- 
operative esophagoscopic findings are shown in Table 5. 
Heller's operation was associated with poor results for 
the later cases of achalasia. Contrarily esophagocardio- 
plasty with gastric patch was effective for any stage 
of the disease including the severe type of S III. 

Similar relationships between the effective operation 
and the severeness of achalasia were also obtained 
from the classification with manometric criteria (Table 6). 
Thus, the follow-up studies provide the following con- 


dioplasty with gastric patch produces good dilatation 
of the cardiac portion of the stomach, and at the same 
time prevents postoperative reflux esophagitis. 

As an example, a 37-year-old woman who had been 
symptomatic for two years was treated with esopha- 
gocardioplasty with gastric patch in 1969. The preop- 
erative film indicated the flask type and the Grade III 
of dilatation (Fig. 5 left). Six years after operation, the 
esophagogram revealed remarkable shrinkage and a 
very good flow through the esophagocardiac portion 
(Fig. 5 right). Esophageal resting pressure measured 
at that time was remarkably lower, and pH curves 


TABLE 4. Follow-up Results Versus Grade of Dilatation 
——'————————— L 
Grade of Cases Cases 
Procedures dilatation total followed-up Good (96) Improved (4c) Unchanged (46) 
Sr ec eee etc as a ee Sg bd 
Heller's l 7 6 5 (83.3) 1 (16.7) 0 
extramucosal 11 9 8 5 (62.5) 2 (25.0) L 412.5) 
myotomy 111 l l 0 0 | (100.0) 
Total 17 15 10 (66.7) 3 (20.0) 2 113.3) 
Esophagocardio- l 4 4 4 (100.0) 0 0 
plasty with 11 30 29 28 (96.6) 1 (3.4) 0 
gastric patch 111 23 22 18 (81.8) 4 (18.2) 0 
Total 57 55 50 (90.9) 5 (9.1) 0 
a ee eg 
TABLE 5. Follow-up Results Versus Endoscopic Classification 
T ——MMMMM—M————————————————————————————————ÉÉ— 
- Endoscopic Cases Cases 
Procedures Classification total followed-up Good (%) Improved (42) Unchanged (4c) 
EEOC“ 
Heller's SI 4 3 3 (100.0%) 0 0 
extramucosal S1] 11 10 6 (60.0) 2 (20.0) 2 (20.0) 
myotomy S111 2 2 1 (50.0) 1 (50.0) 0 
Total 17 15 10 (66.7) 3 (20.0) 2 (13.3) 
Esophagocardio- SI 13 12 11 (91.7) | (8.3) 0 
plasty with S11 36 36 33 (91.7) 3 (8.3) 0 
gastric patch S111 8 7 6 (85.7) 1 (14.3) 0 
Total 57 35 50 (90.9) $.(9.L 0 
EEE 
TABLE 6. Follow-up Results Versus Manometric Classification 
EEE 
Manometric Cases Cases 
Procedures classification total followed-up Good (%) Improved (%) Unchanged (%) 
a cre Mid 
Heller's A 10 9 7 (77.8%) 2 (22.2%) 0 
extramucosal B 6 5 3 (60.0) 0 2 (40.0) 
myotomy Total 16 14 10 (71.4) 2 (14.3) 2 (14.3) 
Esophagocardio- A 38 37 35 (94.6) 2 (5.4) 0 
* plasty with B 19 18 15 (83.3) 3 (16.7) 0 
gastric patch Total 57 55 50 (90.9) > [9T) 0 


————————————————————————ÓÉÓÉÁÉÉÁ——————————————ÀÁ ÉL 
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cluded that cardiolysis was not effective and that cardiac . 
resection was not suitable for greater risk to this benign 
lesion. Since 1968 we have performed Heller s myotomy  - 





Fic. 5. Pre- and postoperative esophagograms of esophagocardioplasty 
with gastric patch. Case T. Y., 37-year-old woman with two years 
duration of suffering. (left) Preoperative (F 111) (right) Postoperative 
in 6 years. 


showed a very rapid shift of pH from 2.0 in the stomach 
to 6.0 in the esophagus, suggeting prevention of esoph- 
agocardiac reflux. 


Discussion 


From 1946 to 1964, the authors performed various 
kind of surgical procedures on esophageal achalasia 
without considering the grade of the disorder. In 1956, 
we realized the necessity of selecting the method in 
evaluating the postoperative results and in studying 
the pathophysiology of the disorder." Thus, between 
1956 and 1967, we performed the procedures as fol- 
lows: Heller's myotomy or Wendel's cardioplasty was 
for patients of the early stage with short duration of 
suffering, that is, for Type I or II in our radiologic 
classification? and Type A in manometry. Heyrovsky's 
esophagocardiostomy with pylorplasty was for the ad- 
vanced stage usually with a long duration. This cor- 
responded to Type II and III in x-ray examination and 
Type B in manometry. By the end of 1967 it was con- 


for the early stage of the disease and esophagocar- 
dioplasty with gastric patch for patients with advanced 
disease. 

The factor most responsible for dysphagia in achalasia 
is the lack of relaxing mechanism or negative pressure 
at 3 or 4 cm oral to the functional lower esophageal 
high pressure zone.? Thus, it is necessary for the pur- 
pose of treatment to extend the esophageal lumen for a 
long distance from the esophagocardiac junction to the 
lower esophagus. Heller's extramucosal longitudinal 
incision of cardiac muscle, Ellis’ transthoracic esoph- 
agomyotomy! of lower esophagus, or Petrovsky's dia- 
phragmoplasty? is excellent in preseving the sphincteric 
mechanism with a small risk. We accept these pro- 
cedures as being sufficiently effective for the early stages. 
However, with these methods the extension of the 
esophageal lumen is limited, and they are not appro- 
priate for the advanced grade of achalasia. 
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: People need vitamins every day . 
~ When they are healthy. 


| Do they need them less 
when they are sick? 


Patients receiving 
IV feeding need 
fat- and water- 
soluble vitamins 
every day. Adequate 
stores of fat- 
* soluble vitamins 
should not be taken 
for granted. 
















M.V.I?— the only major 
multivitamin for infusion 
that supplies both water- 
soluble and fat-soluble 
vitamins in one preparation* 


"Vitamin K, vitamin B, , and folic acid are optional additions 
to parenteral nutrition programs. 


In IV feeding... 


® EVERY DAY 






Each 10 cc. ampult or 5 cc. Concentrate vialtt provides: 





C SDN) AIT cile T. TV eS Mie xr cos 500 mg. 
KAINA o essel. Ct cae A GIRO MILI TNR e Urt RE 10,000 I.U, TIN à 
Vitamin D* (er ocalciterol Bodo ura tdi e 1,000 LU. (Multi-Vitamin 
lamine Cee Oe RRM tne jet Ae ass int, m 
Riboflavin (B2)** ........ RA C dre EEUU 10 ves bal EE E Infusion) 
Grrr AACS B. a av oh lac ces clo pa MM 15 mg. " . 
Niacinamide...) E REESE E sr 10m9. The most comprehensive major 
PEDDNUIDSPOL. uel IRE ate ny Lent MES 25 mg. AUN x 
Vitamin E* (dl-alpha tocopheryl acetate) ..................... 5.0. parenteral multivitamin product 
t With sorethytan laurate 1%, sodium hydroxide 1%, butylated hydroxy- DIRECTIONS FOR USE: M.V.I. is ready for immediate use when added 
toluene 0.003%, butylated hydroxyanisole 0.000896; and gentisic acid to intravenous infusion fluids. 
ethanolamide 296 as preservative. For intravenous feeding, one daily dose of 10 cc. of M.V.I. or 5 cc. of 
ttWith propylene glycol 30% and gentisic acid ethanolamide 2% as sta- M.V.l. Concentrate added directly to not less than 500 cc., preferably 
bilizers and preservatives, sodium hydroxide for pH adjustment, soreth- 1,000 cc., of intravenous dextrose, saline or similar infusion solu- 
ytan laurate 1.6%, butylated hydroxytoluene 0.006%, butylated tions...plasma, protein hydrolysates, etc. 
hydroxyanisole 0.0015%. PRECAUTION: Allergic reaction has been known to occur following 
*Oil-soluble vitamins A, D and E water solubilized with sorethytan intravenous administration of solutions containing thiamine 
laurate. CAUTION: Not to be given as a direct undiluted intravenous Injection 
* *In Concentrate as riboflavin-5-phosphate. as it may give rise to dizziness, faintness, etc. 
PRODUCT INFORMATION THERAPEUTIC NOTE: Intravenous use should be discontinued as 


INDICATIONS: in emergency feedings- Surgery, extensive burns. frac- xs Map ice ic cse BT REUSE RIAL DE GIFT AMAT HD 
4 tures and other trauma, severe infectious diseases, comatose states. P i 

etc. may provoke a "stress" situation with profound alterations in the HOW SUPPLIED: M.V.1.—10 cc. ampuls, boxes of 25 and 100 (NSN 

body's metabolic demands and consequent tissue depletion of 6505-00-455-9955/NSN 6505-00-424-9808A). 

Nutrients. As a result, wound healing may be impaired, enzyme activity M.V.l. CONCENTRATE —5 cc. vials, boxes of 25. Available in 100s only 

disturbed, hematopoietic tissues affected: nypoproteinemia and (NSN 6505-00-212-61564). 

edema may appear; convalescence is thus prolonged. 

In such patients M.V.I. (administered in intravenous fluids under proper i WUSV USV Laboratories, Division 

dilution) contributes optimum vitamin intake toward maintaining the USV Pharmaceutical Corp 

body's normal resistance and repair processes. LABORATORIES Tuckahoe, N.Y 10707 
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PHENAPHEN 
SERIES 


PATIENT 
INSTRUCTIONS 






















PROPER CARE AND PRECAUTIONS 
FOR YOUR PLASTER CAST 


At A. H. Robins, we 
believe that making it 
easier for the patient to 
follow your instructions is 
just as much our obliga- 
tion as providing you with 
useful pharmaceutical 
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And making it easier— 
for both of you— is the 
whole idea of this first in 
a series of Phenaphen 
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Patient Pads: ient in past inn ves, itis 81000 wa teris warm on the maa prr] 
a len a S; convenien , from "dry. and reum Sewing ai eadhon m | 


care tor a day oc 89 


preprinted instructions 
ready for you to tear off 
and personalize with any minor 
changes you feel necessary or 
desirable for the patient with a 
plaster cast. 

Informative patient aids can 
reduce legal risksforthe physician 
as much as 5096* But even more 
important, when your instructions 
are written, they're more likely to 
be remembered...and followed. 
And that’s what good medicine is 
all about. 

To order a supply of these pads, 
write “Phenaphen Casts Pad” on your Rx blank and mail to: 
Phenaphen Service to Surgery, A. H. Robins Company, 
1407 Sherwood Avenue, Richmond, Va. 23220. 

*Patient Care, 7:4, pp. 119-27, Feb. 15, 1973. 





Indications: Phenaphen with Codeine 
No. 2 and Phenaphen with Codeine 
‘CG No. 3 are indicated for the relief of mild 
to moderate pain. Phenaphen with Codeine No. 4 
Is indicated for the relief of moderate to severe pain. 
Contraindications: Hypersensitivity to acetamino- 
phen or codeine. 
Warnings: Drug dependence. Codeine can pro- 
duce drug dependence of the morphine type and 
may be abused. Dependence and tolerance may 
develop upon repeated administration; prescribe 
and administer with same caution appropriate to 
oral narcotics. Subject to the Federal Controlled 
Substances Act 
Usage in ambulatory patients. Caution patients 
that acetaminophen and codeine may impair men- 
tal and/or physical abilities required for perform- 
ance of potentially hazardous tasks such as driving 
a car or operating machinery 
Interaction with other CNS depressants. Patients 
receiving other narcotic analgesics, general anes- 
thetics, phenothiazines, tranquilizers, sedative- 
‘CG hypnotics or other CNS depressants (including 
alcohol) may exhibit additive CNS depression: 
when used together reduce dose of one or both. 
Usage in Pregnancy. Safe use is not established. 
Should not be used in pregnant patients unless 
potential benefits outweigh possible hazards 
Precautions: Head injury and increased intra- 
cranial pressure. Respiratory depressant effects of 
narcotics and their capacity to elevate cerebrospinal 
fluid pressure may be markedly exaggerated in the 





Phenaphen' with Codeine No. 2 
Codeine Phosphate, USP — 15 mg 
(Warning: May be habit-forming) 
Acetaminophen, USP — 325 mg 
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Phenaphen’ with Codeine No. 3 


Codeine Phosphate, USP —30 mg 
(Warning: May be habit-forming) 
Acetaminophen, USP — 325 mg 





Phenaphen with Codeine No. 4 
Codeine Phosphate, USP —60 mg 
(Warning: May be habit-forming) 
Acetaminophen, USP — 325 mg 





PHENAPHEN 
CODEINE No.3 


Codeine Phosphate, USP—30 mg 
(Warning: May be habit-forming) 
Acetaminophen, USP—325 mg 









“The black and green capsule 
with codeine: 


€ ^ pharmaceutically elegant capsule 


@ Easier to swallow than a tablet 
e Economical for the patient 


——— 


presence of head injury. other intracranial lesions 
Or a pre-existing increase in intracranial pressure 
Narcotics produce adverse reactions which may 
obscure the clinical course of patients with head 
injuries 

Acute abdominal condition. Acetaminophen and 
codeine or other narcotics may obscure the diag 
nosis or clinical course of acute abdominal 
conditions 

Special risk patients. Administer with caution to 
elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypo- 
thyroidism, Addison s disease and prostatic hyper- 
trophy or urethral stricture 
Adverse Reactions: Most frequent are lighthead- 
edness, dizziness, sedation, nausea, and vomiting 
more prominent in ambulatory than in nonam- 
bulatory patients; some may be alleviated if patient 
lies down; other: euphoria, dysphoria. constipation 
and pruritus 
Drug Interactions: CNS depressant effect may be 
additive with that of other CNS depressants. See 
Warnings 

For symptoms and treatment of overdosage and 
full prescribing information, see product literature 


AH TROBINS 
A. H. Robins Company, Richmond. Va. 23220 
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Injectable Valium (Ciozeocrm helps 
patient from becoming overly anxious 


o rapid relief of anxiety, apprehension 
and tension 


o diminishes recall of unpleasant or 
painful procedures when used IX 
o reduces anxiety associated with pain F 
o use with care in elderly, very ill or 
those with limited pulmonary reserve 


(See Warnings section in complete product information.) 





keep the 
and restless 


o narcotic analgesic dosage can and 
should be reduced 


o easy titration to desired patient 
response when used IV 


`o used with most primary drugs 


“rarely compromises cardiac or 
respiratory function 


Please see following page for a summary of complete product information. 






- Injectable 


valium 


(iazeoan) W 


the response you want 
the control you need 


Ini lectable 


' Valium 
(iazeoam) V 


ready-to-use 2-ml Tel-E-Ject® 
disposable syringes 
2-ml ampuis, 10-ml vials 







5 mg/ml 


Please consult complete product information, a Not recommended for OB use. 


summary of which follows: 
Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 


factors; psychoneurotic states manifested by ten- 


sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
linum tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to 


local pathology; spasticity caused by upper motor 


neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 


Contraindications: Hypersensitivity; acute narrow 


angle glaucoma; may be used in patients with 
open angle glaucoma receiving appropriate 
therapy. 

Warnings: To reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used ILV.: 


inject slowly, taking at least one minute for each 5 


mg (1 ml) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly L.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 


creased risk of apnea; have resuscitative facilities 


available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least ¥3, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 


plete mental alertness (e.g., operating machinery, 


driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 


biturates, alcohol) have occurred following abrupt 


discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 


addiction-prone individuals under careful surveil- 


lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 


Efficacy/safety not established in neonates (age 
30 days or less); prolonged CNS depression ob- 


served. In children, give slowly (up to 0.25 mg/kg 


over 3 minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 to 30 min- 
utes. If no relief after third administration, appro- 
priate adjunctive therapy is recommended. 


Precautions: Although promptiy controlled, sei- 
zures may return; readminister if necessary; not 
recommended for long-term maintenance 
therapy. 

If combined with other psycnotropics or anticon- 
vulsants, carefully consider individual phar- 
macologic effects—particularly with known com- 
pounds which may potentiate action of Valium 
(diazepam), i.e., phenothiazines, narcotics, bar- 
biturates, MAO inhibitors, antidepressants. Pro- 
tective measures indicated in highly anxious pa- 
tients with accompanying depression who may 
have suicidal tendencies. Observe usual precau- 


tions in impaired hepatic function; avoid accumu- 


lation in patients with compromised kidney func- 
tion. Laryngospasm/increased cough reflex are 
possible during peroral endoscopic procedures; 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 


venous thrombosis/phlebitis at injection site, con- 


fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, blurred 
vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; 
should these occur, discontinue drug. Cough, 


depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest have been 


reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic 


o promptly controls anxiety/ 
tension before and after surgery 


o diminishes pain-related anxiety 


D narcotic analgesic dosage can 
and should be reduced 


can help the surgical patien 
every step of the way 


i.e., dorsum of hand or wrist. Use extremt 
avoid intra-arterial administration or extra 
tion. Do not mix or dilute Valium with othe 
tions or drugs in syringe or infusion flask. 

not feasible to administer Valium (diazepe 
rectly L.V., it may be injected slowly throug 
infusion tubing as close as possible to the 
insertion. 

Moderate psychoneurotic reactions, 2 to! 
I.M. or LV. and severe psychoneurotic rea 
5to 10 mgi.M. or L.V., repeat in 3 to 4 hoi 
necessary; acute alcoholic withdrawal, 10 
or iV. initially, then 5 to 10 mg in 3 to 4 ho 
necessary Muscle spasm, in adults, 5 to 

LM. or LV. initially, then 5 to 10 mg in 3 to 
if necessary (tetanus may require larger d 
children, administer I.V. slowly; for tetanu 
fants over 30 days of age, 1to 2 mg I.M. c 
repeat every 3 to 4 hours if necessary; in ¢ 
5 years or older, 5 to 10 mg repeated ever 
hours as needed. Respiratory assistance 

be available. 

Status epilepticus, severe recurrent convi 


seizures (I.V. route preferred), 5 to 10 mg 


dose administered slowly, repeat at 1O- to 
minute intervals up to 30 mg maximum. | 
in 2 to 4 hours if necessary keeping in mi 
possibility of residual active metabolites. ! 


. tion in presence of chronic lung disease c 


stable cardiovascular status. Infants (ovei 
days) and children (under 5 years), 0.2 tc 
slowly every 2 to 5 min., upto 5 mg (IV. c 
ferred). Children 5 years plus, 1 mg every 
min., up to 10 mg (slow LV. preferred); rej 
to 4 hours if needed. EEG monitoring may 
helpful. 

In endoscopic procedures, titrate I. V. dos. 
desired sedative response, generally 10 7 
less but up to 20 mg (if narcotics are omit 
immediately prior to procedure; if 1. V. can 
used, 5 to 10 mg I.M. approximately 30 n 
prior to procedure. As preoperative medic 
10 mg I.M.; in cardioversion, 5 to 15 mgl 
5 to 10 minutes prior to procedure. Once 
symptomatology has been properly contr 
with injectable form, patient may be plact 
oral form if further treatment is required. 
Management of Overdosage: Manifestati 


blood counts, liver function tests advisable during clude somnolence, confusion, coma, dirr 


long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no Known significance. 
Dosage: Usual initial dose in older children and 
adults is 2 to 20 mg I.M. or LV.. depending on 
indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute 
conditions injection may be repeated within 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debilitated pa- 
tients and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 


I. V. use: inject slowly, take at least one minute for 


each 5 mg(1 ml) given. Do not use small veins, 


reflexes. Monitor respiration, pulse, blooc 
sure; employ general supportive measure 
fluids, adequate airway. Use levarterenol : 
metaraminol for hypotension, caffeine an 
sodium benzoate for CNS-depressive effe 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vial 
boxes of 1; Tel-E-Ject® (disposable syring 
mi, boxes of 10. Each mi contains 5 mg d 
compounded with 40% propylene glycol, 
ethyl alcohol, 5% sodium benzoate and E 
acid as buffers, and 1.5% benzyl alcohol 
preservative. 


Roche Laboratories 
C ROCHE» Division of Hoffmann-La Roche 
Nutley, New Jersey 07110 


some surgeons used 
o throw away our 


single-use instruments...before they used them. 


e ve come a long way since the early days when 
ngle-use special procedures instruments were 
ore like toys than something you'd take seriously. 


here's an important difference with Acme United 
hE NERATION II instruments: they work. 


Dur GENERATION II scissors cut, even at the tip. 
)ur GENERATION II hemostats hold, without 
verbiting. Our GENERATION II needle holders 
rip, without slippage. 


)n your rounds or in the ER, you might find our 
ngle-use sterile-packed trays and instruments the 
est things you can put your hands on. 


oull find an impressive range of Acme United 

hE NERATION II instruments: scissors, hemostats, 
eedle holders, towel clamps and forceps, 
ackaged in 22 different configurations. With a 


line this versatile, we can even make up special 
dressing trays to suit your particular needs and 
specifications. 

GENERATION II single-use instruments by Acme 
United are a serious step forward in the battle to 
cut costs, and lower cross contamination risks. 
liability and pilferage. 

That they save money for your hospital is important. 
That they work well for you is imperative. 


Acme United GENERATION II 
Single-use instruments that get used. 


Acme United Corporation 
Medical Products Division 
Bridgeport, Connecticut 06609 





A new 
generation of 
instruments 
awaits your 
challenge. 


You are quite right in being 
skeptical about single-use 


special procedures instruments. 


Patient and procedure must 
come ahead of everything — 
cost, liability, even cross-con- 
tamination risk. And, frankly, 
all too often, the quality of 
single-use instruments offered 
little to advance their cause. 


New: GENERATION II from 
Acme United. Now, theres a 
new generation of special pro- 
cedures instruments from 
Acme United: GENERATION II. 
They perform. They work. They 
come through. For what they 
do—a one-time performance— 
they compare quite favorably 
with reusable instruments 
costing up to a hundred times 
more. All we've left out is the 
durability, the expensive finish- 
ing, the extra toughness to 
withstand repeated use and 
extended battles in the 
sterilizer. 


Please fill out the attached card 
and let us send you any of our 
special procedures instruments 
for your evaluation. Put them to 
any kind of test you choose. If 
youre not impressed, throw 
them away once and for all. If 
youre pleased with them, as 
we believe you will be, please 
ask for more. 


Acme United 
GENERATION II 
Single-use instruments 
that get used. 





Photographed at the University of Kentucky 
Medical Center, Lexington, Kentucky. 


©1978 Acme United Corporation 


GENERATION II Scissors cut. Custom 
forged and precision-ground of nickel- 
plated steel to give you a keen cutting 
edge. Available in a wide variety, 
including an exclusive 472" fine point 
tissue scissor, Littauer, and sharp/sharp 
and sharp/blunts in 4%" and 5%" sizes. 





GENERATION II Force hold. All 
metal, carefully aligned to give you a 
firm, sure, precise grip. 


GENERATION II Scalpels feel right. 
Nickel-plated steel handles deliver the 
heft of reusable scalpels. Razor-sharp 
blades are pre-assembled and plastic- 
shielded for safety and convenience. 





GENERATION I! Hemostats clamp 
tight. Light but strong, Acme United 
hemostats are engineered precisely 
to meet and lock in a tight, sure, non- 
overlapping grip. In two sizes of 
straight, and two of curved. 





GENERATION II Needle holders 
clutch. Precise jaw alignment lets you 
pull needle and suture through the 
skin without locking first. Even the 
smallest of needles and the finest of 
sutures can be gripped and pulled. 





GENERATION II Trays protect. Protect 
against cross-contamination, against 
pilferage, against damage, against 
liability, against spiraling costs. 2 


Endarterectomy of the Popliteal Artery for 
segmental Occlusive Disease 


Segmental occlusive disease though limited to the popliteal 
artery gives rise to significant ischemic symptoms such that 
surgical treatment is indicated. Endarterectomy with vein an- 
gioplasty was the primary procedure in 76 patients (79 limbs) 
over the past 15 years. Augmentive lumbar sympathectomy 
was performed in 30 patients. Endarterectomy restoration was 
successful in 73 patients (76 limbs). Acute postoperative throm- 
bosis occurred in six limbs, four were restored, one survived, 
one underwent delayed amputation. Long term failures de- 
veloped in 18 limbs, four were restored, 11 survived without 
further treatment, and three were amputated. All limbs were 
classified according to stages of outflow obstruction and extent 
of endarterectomy; however, there was no meaningful pattern 
of correlation with failures except to note that amputations 
occurred only in advanced stage III obstructions. Thirty-two 
patients (43%) were restudied by arteriography. Cumulative 
patency rate for 79 limbs at risk at five years was 75.6%, at ten 
years, 58.5%. Restoration of popliteal patency can be ac- 
complished by endarterectomy with results comparable to 
femoral-popliteal saphenous vein graft for more proximal 
lesions. Endarterectomy affords the advantage that a bypass 
procedure can still be performed in most failures as the long 


saphenous vein, not sacrificed initially, is still available. 
HE INCIDENCE OF SEGMENTAL occlusive disease 


T limited to the popliteal artery is not commonly 
seen, yet, there is a definite incidence where such oc- 
currences result in significant symptoms and morbidity 
as the popliteal artery serves as the end artery of the 
major vessels of the lower extremity. True compara- 
tive incidence of isolated segmental popliteal disease 
relative to the incidence of femoral popliteal disease is 
difficult to establish as the operative indications for the 
two are not alike. In the popliteal group, claudication 
and limb salvage were considered indications for opera- 
tion, whereas, in the femoral popliteal group, opera- 
tions were only for limb salvage. Nevertheless. the 
operative incidence for the popliteal group numbered 
79 limbs and for the femoral popliteal group, 306 limbs 
during the same period. 

There are but few reports?^* dealing with the treat- 
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ment of segmental occlusive disease of the popliteal 
artery; in general, these reports* 5? have combined 
the treatment of the popliteal artery with the superficial 
femoral artery as a single entity. Though the majority 
of the surgeons prefer the saphenous vein bypass graft, 44 
a few advocate endarterectomy reconstruction for the 
superficial femoral popliteal segment.*!? Several au- 
thors have reported short and long-term comparative 
results of vein grafts versus long endarterectomies.*: 95 
Results were variable, some equally successfuf.*? but 
others indicate definitely superior results with the sa- 
phenous vein bypass graft.**5 Such reports would tend 
to discourage the use of endarterectomy in general, 
whereas it is employed with great advantage, and often 
by necessity for short segmental lesions as the carotid, 
renal, aorta, and iliac arteries. Since we are not aware 
of but three reports,??5 dealing with the treatment of 
segmental disease limited to the popliteal artery, either 
by vein graft or endarterectomy, we are presenting our 
experience and results. 

Our experience in treating segmental popliteal disease, 
stenosis, and occlusions, consists of endarterectomy 
with saphenous vein angioplasty as a primary procedure 
for relief of claudication and limb salvage. This was in 
part augmented by concomitant or subsequent lum- 
bar sympathectomy. Anatomically and arteriograph- 
ically, the popliteal artery is defined to begin from the 
adductor canal proximally, where it crosses the medial 
border of the femur, distally to its bifurcation. The 
vessel usually measures 15—18 cm in length. On many 
Occasions, endarterectomy has been extended into the 
posterior tibial branch. This study constitutes a retro- 
spective analysis of our results of the past 15 years. 


Materials and Methods 


From August, 1961 to August, 1976 there were 76 
patients in whom 79 limbs were treated. Five patients 
were treated for bilateral lesions, either simultaneously 
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(two patients) or at delayed intervals (3 patients), vary- 
ing from eight months to five years. Four patients were 
reoperated on the same artery at delayed intervals vary- 
ing from six months to 14 years. Simultaneous bilateral 
endarterectomies are counted as one patient but two 
limbs; whereas, separate procedures on the same pa- 
tient are listed as two patients and two limbs. There 
were 53 males and 23 females ranging in age from 31 
years to 94 years, with an average age of 64.9 years. 
There was a predominance of involvement of the right 
popliteal artery (52) over the left (27). Presenting symp- 
toms and operative indications are shown on Table 1. In- 
termittent claudication was present in 45 limbs (57%) 
and more advanced ischemia in 34 limbs (43%). 

Preoperative aortography and femoral arteriography 
was performed in all patients by percutaneous needle 
cannulation of the common femoral arteries. The pop- 
liteal artery and its trifurcation outflow was staged ac- 
cording to the classification by Morton, Ehrenfeld and 
Wylie.'® Each artery, popliteal, anterior and posterior 
tibial, and peroneal, was graded for degree of obstruc- 
tion. A score of 4 was given for a fully patent vessel 
and 0 for complete occlusion. The sum of the scores 
for each of the four arteries provide a numerical grade. 
The total scores are then divided into three groups, 
each representing increasing stages of outflow ob- 
struction. 

Table 1 correlates the staged popliteal outflow disease 
with the clinical symptoms. Forty-five patients had 
claudication alone, but of this group, 20 (44%) were 
in stages I] and III. Sixteen patients had rest pain, 
rubor. and tissue atrophy, but these patients were divided 
nearly equally in all three stages. Eighteen patients 
had ulcer gangrene, and of these, 17 (94%) were in 
stages II and III. Best correlation occurred between 
claudication group and stage I, but in the rest pain, 
ulcer, gangrene groups, correlation with stages Il and 
Il] was only in a general way and not as specific as 
noted by Morton, Ehrenfeld and Wylie.” One patient 
in stage I presented with gangrenous toes secondary to 
an acute segmental occlusion of the midpopliteal artery. 
Acute occlusions without ample time for development 
of collateral circulation must influence the lack of corre- 


TABLE |. Correlation of Presenting Symptoms and 
Arterial Outflow Staging* 





Symptoms Stage I Stage H Stage HI Total Limbs 
TE MEHR ci ae ts AE MER qoM eR 
I. Claudication 25 12 8 48 (57%) 
2. Rest Pain 5 6 5 16 (20%) 
3. Ulcer/Gangrene l 7 10 18 (2360) 

Totals Limbs 31 (39%) 25 (32%) 23 (29%) 79 
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* After Morton, Ehrenfeld, Wylie.’ 
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TABLE 2. Associated Conditions 





No. Patients 


re i t RP e i I i ti i t ratem T i attamen re i etatis 


Hypertension 10 (1377) 
Coronary artery disease 15 (2067) 
Cerebral vascular disease 7 (9%) 
Diabetes mellitus 14 (18%) 
Aortic aneurysm 4 (8%) 
Smokers 56 (73%) 





lation between clinical classification and angiographic 
staging." 


Associated Diseases 


Diseases of other systems commonly coexist as well 
as concomitant occlusive or aneurysmal arterial dis- 
ease. These are listed in Table 2. Fifty-six patients 
(73%) smoked. Cessation of smoking, weight loss, and 
low atherogenic diet regimen were instituted as a mea- 
sure of preoperative preparation with emphasis on its 
continuation following treatment. 


Operative Procedure 


Indications and requirements for operation were; the 
presence of clinical symptoms, segmental obstructive 
popliteal lesion, stenosis or an occlusion, adequate 
proximal inflow vessels without significant disease, and 
the presence of an outflow vessel of at least one branch 
of the popliteal trifurcation. 

All procedures were performed under spinal anes- 
thesia. Concomitant lumbar sympathectomy was per- 
formed as an initial procedure in 16 patients (Stage 
[-6, Stage Il-6, Stage III-4). Subsequently, up to three 
years postoperatively, lumbar sympathectomy was per- 
formed in ten additional patients, selected because of 
reocclusions (nine patients) and progressive disease 
(one patient) demonstrated by arteriography. Four pa- 
tients had prior lumbar sympathectomy. 

With the patient in the prone position, the popliteal 
artery was exposed through a longitudinal incision in 
the popliteal space in the majority (95%). Medial 
popliteal exposure was used in the remaining few. Cor- 
responding to the length of the disease, endarterectomy 
was performed through one to four short longitudinal 
arteriotomies. All distal arteriotomy closures were 
made with vein angioplasty utilizing the short 
saphenous vein. Also the distal arteriotomy was 
extended one to 2 cm beyond the termination of 
the endarterectomy as this allows the angioplastic 
repair to extend beyond the beveled edge of the 
endarterectomy.’ The terminus of the endarterectomy 
was placed at a site of least disease, and was 
tailored. when necessary, with longitudinal as well as 
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etransverse bevels. In all instances. several inter- TasBLE 3. Popliteal Endarterectomy 


rupted longitudinal mattress sutures (6-0) were placed 


“gto secure the beveled edge. Often, the proximal 





‘extent of the endarterectomy was treated in the same 
manner for similar reasons. Vessels of small caliber 
were opened fully over the entire length of the disease 
and closed with a full length vein patch. For larger 
vessels, tendency was to make several arteriotomies, 
closing only the distal with a vein patch graft. 

In addition to the removal of the atheromatous 
disease, we feel it most important to remove the 
entire underlying medial layer over the entire segment. 
From examination of human atherosclerotic plaques 
and studies of plaques in animals, researchers have 
come to agree that plaques consist primarily of pro- 
liferative arterial smooth muscle cells which progress 
to atherosclerotic lesions in response to chronic injury 
of the protective intima.'' In the popliteal artery, the 
circular fibers of the media are more adherent to the 
adventitia than in the iliac arteries and require 
meticulous piecemeal removal, often requiring abra- 
sion debridement with pill sponges. Careful and meticu- 
lous technique is important to avoid injury and to 
reconstruct the vessel that is functional. Branches of 
the popliteal, five to seven in number, are preserved 
as they may continue to function after repair. Adequate 
exposure of the vessel can be obtained without 
dividing the neurovascular bundle to the medial head 
of the gastrocnemius muscle. To reduce red cell 
and platelet adhesiveness, low molecular weight 
dextran is administered postoperatively for two to three 
days, followed by dipyridamole therapy for one month. 
During the initial week, the leg is comfortably splinted 
in extension. Minimal ambulation is started with the 
splinted limb in three or four days. 

Table 3 lists the lengths of endarterectomies which 
varied from two to 18 cm in length. Fifty-eight 
(74%) endarterectomies were between 2—10 cm in 
length. Fifty-two (6796) endarterectomies were per- 
formed through single arteriotomy, and 27 (34%) 
through multiple arteriotomies. There seemed to be 
no significant correlation between length and numbers 
of arteriotomies with success or failure in the im- 
mediate postoperative period. 


Early Results 


Of the 79 popliteal endarterectomies, there were six 
(876) acute thromboses occurring within 24 hours. Of 
these, five were restored immediately by secondary 
procedures which included: extending the endarterec- 
tomy distally, interpolation saphenous vein graft, and 


a insertion of a saphenous vein bypass graft. One failed 


in this second attempt. The sixth failure was an attempt 








Arteriotomies 








Length of No. 

Endarterectomy Limbs Single Multiple 
2-5 cem 30 30 ü 
6-10 cm 28 20 8 

11-18 cm 21 2 19 





for limb salvage in a severe juvenile onset diabetic 
with stage III outflow obstruction. No further recon- 
struction was attempted, and later, underwent a below 
knee amputation. Generally, there seemed to be little 
correlation of early failures to either clinical symptoms 
or stage of outflow obstruction. Such failures probably 
can be attributed to errors in judgment or technique 
as evidenced by restoration by subsequent operative 
procedures. 

Other complications included one subcutaneous 
hematoma and one wound infection without arterial 
complication. One patient died of a probable myo- 
cardial infarction on the fourth postoperative day. 
There were 34 limbs presenting in the group with rest 
pain and ulcer-gangrene. Of this group. following 
restoration of circulation, there were three salvage 
amputations: an amputation of a great toe, two 
transmetatarsal amputations. There were 33 limbs 
salvaged. Eventually, as late failures, three additional 
limbs were lost to amputation. Seventy three patients 
(76 limbs—96%) were discharged as early successes 
with patent popliteal reconstructions. 


Late Results 


All 75 patients were accounted for during this period. 
However, five patients were eventually lost to follow- 
up after six to 63 months of accountability at which time 
popliteal patency was still maintained. Duration of 
follow-up was terminated at the date last examined. AH 
patients were examined routinely every one to two 
years. Assessment of patency of endarterectomy was 
based upon continued clinical improvement, presence 
of the popliteal and pedal pulses, oscillometry, and 
arteriography whenever a change was detected or fail- 
ure occurred. Thirty-two patients (43%) were restudied 
by arteriography during this period. In three limbs, 
patency of the popliteal artery was demonstrated de- 
spite later development of proximal occlusions in the 
superficial femoral or iliac arteries. 

There were 18 (24%) late reocclusions developing be- 
tween two months to 14 years, however, the majority 
(12 limbs) failed within the first two years, an occur- 
rence also noted by Catlin, Movius, and Gaspar.” 
Analysis of the initial evaluations of all failures showed 
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TABLE 4. Complications 
(No. Limbs) (No. Limbs) 
Early Late 
Acute Thrombosis 6 Occlusions 18 
(Restored-S) (Restored-4) 
Amputations Amputations 3 


Wound Hematoma 
Wound Infection 
Mortality (MI) 


re HA 





that eight were classed in stage I, five in stage II, five 
in stage III outflow obstruction; ten experienced inter- 
mittent claudication, eight had rest pain and gangrene: 
in 12, length of the endarterectomy was less than 10 
cm; in six greater than 10 cm. Common factors among 
these variables could not be elucidated to explain these 
failures. 

Of the thirteen failures studied by arteriography. 
eight reocclusions involved the same popliteal segment 
without progression, five reocclusions were more 
extensive to involve the entire popliteal artery, and in 
none was there any proximal occlusion into the super- 
ficial femoral artery. Ten failures were still amenable to 
restoration either by endarterectomy or vein bypass, 
while in three, further direct surgery was precluded by 
thrombosis of the entire outflow. These three failures 
initially were in stage III. There has been no amputa- 
tion in this studied group. 

There were four amputations (one above knee, 
three below knee) performed between two and nine- 
teen months in both the early and late failures, and all 
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four initially presented with gangrene. Other reopera- 
tions following failures included: lumbar sympathec- 
tomy (five), profunda femoral endarterectomy (one), 
femoral popliteal saphenous vein bypass graft (one), 
and re-endarterectomy of the popliteal (three). Repeat 
popliteal endarterectomies were performed at intervals 
of five years, five years, and seven years. Patency has 
continued in these four re-endarterectomy patients 
(Table 4). 

In the patent group, seven patients had additional 
procedures; resection of aortic aneurysm (three), 
aorto-iliac endarterectomy (three), and superficial 
femoral endarterectomy (one). 

Cumulative patency rate for 79 limbs at risk at five 
years was 75.6% and at ten years, 58.5% There were 
19 late deaths occurring from two months to II years, 
of which five were known occlusions prior to their 
demise and 14 were patent. Causes of death were coro- 
nary artery disease (12 patients), CVA (five patients), 
megaloblastic anemia (one patient), and gunshot wound 
(one patient). 


Discussion 


The concept of disobliteration of short segmental 
arterial occlusion by endarterectomy is well estab- 
lished,^? and is applied successfully in several arterial 
sites in the vascular tree. Its successful application in 
the popliteal artery is alluded to by De Weese et al.,° 
and Catlin, Movius and Gaspar.” On the basis of our 
experience, there is sufficient incidence to explore its 
application. Retrospective analysis of the data has 


TaBLeE 5. Patency Data of Popliteal Endarterectomy (Life Table Method) 


a ttt TCtttnnenittt— CRC N ETC 


(D) 


Number of 
Reconstructions not 


2a 


(B) (C) Observed throughout (H) 

Number of Number of Period due to: (E) (F) (G) Standard 

Endarterec- Endarterec- Interval Interval Accumulated Error of 

(A) tomies at tomies Duration of Failure Patency Patency Patency 

Interval Risk Failing Death Follow-up Rate (%) Rate (%) Rate (926) Rate (%) 

NEED M ennai 
Under 30 days 79 2 l 0 PAS 97.5 97.5 1.8 
30 days-1 yr. 76 6 l 8 7.9 92.1 89.6 3.4 
1-2 yr. 61 6 5 2 9.8 91.2 79.8 4.6 
2-3 yr. 48 2 I 6 4.2 95.8 75.6 5.0 
3-4 yr 39 0 1 6 0 100. 75.6 5.0 
4-5 yr 32 0 2 5 0 100. 75.6 5.0 
5~6 yr 25 2 3 4 8.0 92.0 67.6 6.2 
6-7 yr. 16 0 0 3 0 100. 67.6 6.2 
7-8 yr. 13 0 0 2 0 100. 67.6 6.2 
8-9 yr. 11 l | | 9.1 91.9 S8.5 8.4 
9-10 yr. 8 0 0 2 0 100. §8.5 8.4 
10-11 yr 6 0 0 l 0 100. 58.5 8.4 
11-12 yr 5 0 0 3 0 100. 58.5 8.4 
12-13 yr 2 0 0 0 0 100. 58.5 8.4 
13-14 yr. 2 l 0 0 50. S0. 8.5 23.3 
14-15 yr. 1 0 0 1 0 100. 8.5 23.3 
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Fic. 1. Patency rates of popliteal endarterectomy. 


shown relatively favorable results such that we wish to 
point out that this distal lesion is surgically treatable, 
and is particularly well suited for restoration by endar- 
terectomy rather than by the conventional bypass pro- 
cedure. A femoral popliteal graft would adequately by- 
pass a segmental popliteal lesion, but it seems redun- 
dant and unnecessary to sacrifice the entire saphenous 
vein. Long-term results of popliteal endarterectomy 
compares favorably with results of the femoral popli- 
teal saphenous vein bypass procedures.*5 

All patients treated for claudication (45) were 
relieved of their symptoms, including four restored 
acute failures. Eight, however, developed late failures 
with recurrence of claudication. It was of interest to 
note that the late failures in this group reverted rela- 
tively to the same level of symptoms without much 
progression, although ancillary procedures were added 
in several (four lumbar sympathectomy, two re- 
endarterectomy). 

Of the group treated for rest pain (16), one early 
failure progressed to a below knew amputation in nine 
months, while all others were improved. There were 
three late failures without loss of limb. 

In the ulcer gangrene group (18), two early failures 


led to amputations in both, and three late failures had 
two additional amputations and one limb survived. 
Fourteen limbs were salvaged, and of these, nine pa- 
tients died with their limbs intact. It is difficult to ex- 
plain the unpredictability of the failures as there seemed 
to be no common factor? other than to note that failures 
in the advanced disease groups resulted in more 
amputations. 

Endarterectomy further provides a significant advan- 
tage as it does not require the use of the long saphenous 
vein. With the numerous demands made upon this vein 
for coronary and femoral popliteal and tibial grafts, 
preservation of the vein is of great importance. Venous 
patch grafts were taken mainly from the easily acces- 
sible short saphenous vein; and only in three instances, 
the long saphenous vein was needed to restore early 
failures, and on one occassion, a late failure. In event 
of such failures, it is reassuring to know the availability 
of the saphenous vein for its conventional use. Calin, 
Movius and Gaspar? cite this advantage. 

To be able to restore the circulation with relief of 
symptoms, without sacrificing the long saphenous vein, 
adds another dimension to the treatment of occlusive 
disease of the lower extremity. Continued patency of 
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indicated. In view of our experience, however, we feel « 


the popliteal endarterectomy depends to a great extent 
upon the proximal patency for adequate inflow as well 
as the adequacy of outflow. Since the popliteal artery 
in itself is an outflow vessel, it is important to maintain 
its patency by frequent observation. Reocclusions 
were noted in endarterectomized popliteal segment in 
eight of the 13 failures studied. Significant proximal 
disease developed in four limbs where endarterectomy 
was subsequently performed in the superficial femoral 
(one) and iliac arteries (three). Such assessment will 
require clinical evaluation at regular intervals, at least 
annually, and liberal use of femoral arteriography as an 
investigative tool rather than as diagnostic modality 
after the fact. One must then consider the treatment 
of atherosclerosis as a concept in treatment of localized 
disease when occlusive disease presents in a segmental 
fashion. 

We have observed the progression of untreated pop- 
liteal lesions, stenosis and occlusions, progress to more 
extensive occlusion where it precluded segmental 
endarterectomy as a corrective measure, and then be- 
comes a problem for a femoral popliteal or tibial bypass 
for restoration. In terms of progression, segmental 
disease is unstable and progresses to more extensive 
occlusion. In contrast, the established superficial 
femoral occlusion is quite stable clinically and angio- 
graphically, and development of collateral circulation 
from the profunda femoris adequately maintain limb 
function and viability.” For the above reasons, we are 
aggresive in the treatment of segmental lesions of the 
popliteal artery. 

There are some instances, where atherosclerosis is 
extensive and generalized in the popliteal artery and its 
tributaries, where segmental endarterectomy is not 
applicable, and other treatment modalities are 


that endarterectomy is the procedure of choice for seg- 
mental popliteal atherosclerosis and feel encouraged to, 
continue its treatment in this manner. 
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latrogenic Internal Hernia Involving the Iliac Artery 
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Four months postradical lymphadenectomy and pelvic irradia- 
tion for Stage I teratocarcinoma of the testis, a patient was 
found to have an internal strangulated herniation of small 
bowel beneath the right iliac artery. The operative management 
is discussed, and the literature is reviewed concerning the etiol- 
ogy of small bowel obstruction in postoperative, irradiated pa- 
tients and the techniques of peritoneal closure. 


TRANGULATION OF SMALL BOWEL due to internal 
herniation is unusual. Considering all cases of 
intestinal obstruction, Jones reported that less than 
0.9% were due to internal herniation.? Common sites 
for internal hernias to occur are through defects in the 
diaphragm, through the foramen of Winslow, para- 
cecally and retrocecally, beneath paraduodenal folds, 
through persistent defects in the mesentery or broad 
ligament, and into the intersigmoid fossa. Internal 
herniation in association with adhesions from prior sur- 
gery occurs commonly and represents an iatrogenic 
cause of incarceration and strangulation. 

Internal hernias associated with major intra-abdom- 
inal blood vessels have not been reported as a cause of 
bowel obstruction. We have recently encountered a 
case of internal herniation due to failure to close the 
peritoneum over the terminal aorta and the iliac arteries 
after radical lymphadenectomy. This unique finding 
necessitated unusual but effective operative tech- 
niques. 


Case Report 


H.S., a 52-year-old man, noted a right testicular mass in Septem- 
ber, 1976. Orchiectomy was done in October, 1976, and the mass was 
found to be a Stage I teratocarcinoma of the testis. He was trans- 
ferred to Walter Reed Army Medical Center in November, 1976, 
and underwent 3,000 rads of preoperative, periaortic and inguinal 
irradiation. On January 6, 1977, he underwent a radical retroperito- 
neal lymphadenectomy. This involved mobilization of the terminal 
aorta and both iliac arteries. Peritonealization was not performed. 
Forty-three lymph nodes were identified in the specimen, and all 
were histologically free of tumor. 

Postoperatively, the patient developed a massive abdominal lym- 





Reprint requests: Alexander M. Guba, Jr., M.D., Division of 
Surgery, Walter Reed Army Institute of Research, Washington, 
D. C. 20012. 


From the Department of Surgery, Walter Reed Army 
Medical Center, and the Division of Surgery, Walter 
Reed Army Institute of Research and the Uniformed 
Services University of the Health Sciences, 
Washington, D. C. 





phocoele that resolved after percutaneous drainage. By March 1, 
1977, he had received an additional 1500 rads of abdominal and ingui- 
nal irradiation. 

Soon thereafter, he developed nausea. vomiting, and crampy 
abdominal pain. Proctoscopy revealed edematous, erythematous 
mucosa consistent with radiation proctitis. Barium enema was 
normal. An upper gi series with small bowel follow through demon- 
strated several areas of apparent extrinsic compression of the small 
bowel but no definite evidence of bowel obstruction. He recovered 
after several days of hospitalization and was asymptomatic at the 
time of discharge. 

On May 5, 1977, he was readmitted to the hospital with similar 
complaints. He had a temperature of 38.8° rectally and a pulse rate 
of 120 beats/min. The abdomen was distended and tympanitic. Bowel 
sounds were absent, the abdomen was diffusely tender, and rebound 
tenderness was also present. White blood cell count was 11,006/mm* 
with a marked left shift. Admission abdominal radiographic findings 
were compatible with small bowel obstruction (Fig. 1). 

After resuscitation with Ringer's lactate, exploratory laparotomy 
was performed. Approximately 90% of the small bowel had herniated 
beneath the skeletonized right common iliac artery (Fig. 2). This 
resulted in a strangulated, perforated segment of distal ileum (Fig. 3). 
The herniated bowel was reduced, and the perforated segment of 
ileum was resected. Because of gross purulence at the site of perfora- 
tion and concern over poor healing due to the previous irradiation, 
an ileostomy and mucous fistula were constructed. To prevent recur- 
rent herniation a free peritoneal graft was harvested from the under- 
surface of the anterior abdominal wall and used to cover the bifurca- 
tion of the aorta and the iliac arteries. The graft was held in place by 
suturing it to the prevertebral and presacral fascia as illustrated 
in Figure 4. Intraoperatively, a posterior, atheromatous plaque was 
noted in the right iliac artery. Twenty-two hours postoperatively. the 
artery thrombosed causing acute pregangrenous changes of the right 
lower extremity. An attempt to re-establish blood flow by thrombec- 
tomy of the right iliofemoral arterial segment through the groin was 
unsuccessful. We were hesitant to re-enter the abdomen because of 
the known contamination from the perforated bowel. Therefore. a 
cross-pubis, femorofemoral, bypass using Dacron® velour*® was 
performed. This satisfactorily re-established flow to the extremity. 

On the seventh postoperative day, the patient developed chills, 
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Fic. 1. Photograph of abdominal flat plate, showing obstructed loops 
of small bowel. 


a rectal temperature of 38.3°, hypotension, and an ischemic appearing 
ileostomy. He was treated for septic shock with intravenous fluids, 
antibiotics and pharmacologic doses of steroids. After adequate 
resuscitation, laparotomy was performed. and a necrotic, 24 inch 
segment of midjejunum with free perforation was found and resected. 
Primary jejuno-jejunal anastomosis was necessary to avoid jejunos- 
tomy. Similarly, the ileum had become necrotic for a distance of6cm 
proximal to the ileostomy necessitating resection and ileostomy re- 
vision. The free peritoneal graft over the terminal aorta and iliac 
arteries was intact. Postoperatively, the patient developed bilateral 
inguinal lymphocoeles, transient renal failure, and an £. coli subfas- 
cial would infection. These problems resolved with appropriate 
treatment, and he was discharged from the hospital, gaining weight 
in May, 1977, 66 days after his admission. 

At three month follow-up examination, he was doing well and 
continuing to gain weight. His ileostomy was closed in September, 
1977. The postoperative course was uneventful. Six months after his 
initial procedure for bowel obstruction. he is fully ambulatory. has 
good pedal pulses, and has no gastrointestinal complaints. 


Discussion 


Small bowel obstruction occurring in the postopera- 
tive period is most commonly due to adhesions. It may 
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also occur after radiation therapy. The dense adher- 
ence of loops of bowel to one another in the irradiated 
abdomen is an awesome finding. Mortality rates of 20— 
42% have been reported in patients developing intes- 
tinal complications after irradiation.?* The treatment 
of bowel obstruction in this setting remains a difficult 
technical challenge. Morbidity rates in patients requir- 
ing surgical intervention for these complications have 
been 28— 100%.°° 

These two etiologies for small bowel obstruction, 
postoperative adhesions and obstruction due to 
adhesions from irradiation, were the leading differential 
diagnoses prior to our exploratory laparotomy. We 
were surprised to find the small bowel herniated behind 
the right common iliac artery. Incarceration and stran- 
gulation of small bowel due to herniation into peri- 
vascular spaces is infrequent. The most common situa- 
tion in which this occurs is the well known femoral 
hernia in which bowel herniates through a defect medial 
to the femoral vessels. Prevascular femoral sheath 
hernias have also been reported,'? and, in 1917, Serafini 





Fic. 2. Initial intraoperative view of distended small bowel with right 
iliac artery (arrow) encircled by vascular tape. 
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* described a hernia within the femoral sheath that exited 
posterior to the femoral vessels." 

There are no known reports of hernias Occurring be- 
hind the terminal aorta or the iliac arteries presumably 
because these structures are entirely retroperitoneal, 
and there are no associated, potential spaces. How- 
ever, radical lymphadenectomy, whether performed 
for testicular or gynecologic malignancy, effectively 
isolates the vessels from neighboring tissues creating a 
potential hernial defect. The early descriptions of this 
procedure utilized peritoneal closure.'? Later authors 
used pelvic packing to reconstitute the pelvic floor.! 
Several studies have emphasized that most peritoneal 
defects are bridged by spontaneous regeneration of 
peritoneum? thereby negating the necessity for perito- 
neal closure.* However, when a fixed structure, such 
as the iliac artery is elevated out of its natural bed, a gap 
too large to be closed by spontaneously regenerating 
peritoneum can be created, and bowel may herniate 
beneath it. If herniation occurred in the early post- 
operative period, the opportunity for closure by spon- 
taneous regeneration would be missed altogether. 





Fic. 3. Small bowel reduced, and perforated segment of ileum visual- 
ized. Distal aorta and iliac arteries visible. 
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Fic. 4. Schematic representation of free peritoneal graft. Graft 
was sutured to the prevertebral and presacral fascia with interrupted 
4-0 chromic catgut sutures. 


In our practice of general and peripheral vascular 
surgery, we adhere to the principle of closing all poten- 
tial spaces for internal herniation that have been created 
iatrogenically. These principles should also apply to 
gynecologic and urologic procedures such as lymphad- 
enectomy. The ramifications of the decision not to 
close the peritoneum were extensive for our patient and 
were obviously preventable. 

Various means have been used by many authors to 
effect peritoneal closure after abdominal operations. 
When possible, primary closure is the easiest and most 
expedient technique. Even when dead space appar- 
ently exists beneath the peritoneal closure of the pelvic 
floor, Risberg et al. have documented descent of the 
peritoneum into the pelvis with time.'° When primary 
closure of the peritoneum is not possible, pedicled peri- 
toneal grafts have been successfully used.* The omen- 
tum has also been used to cover denuded areas in the 
pelvis? but was not available in our case because of 
prior resection. Likewise, because of scarring of the 
posterior peritoneum it did not seem likely that we 
could successfully raise and rotate a peritoneal flap. 
For this reason, the free peritoneal graft was used. 
It proved to be a highly effective form of treatment. 
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Free peritoneal grafts have been used as serosal noma of the Uterine Cervix and Vesical Carcinoma. Acta.» 

e + x ac 7163; a : Chir. Scand., 136:725, 1970. 
patches over intestinal suture lines. Likewise, Daniel 32 Moore, R. M. and Singleton AsO: Valeo Prec Oraiisot 
and Singh have covered sigmoid myotomies with free Peritoneum or Pleura in Sealing Large Defects in the Alimen-, 
peritoneal grafts.” As in our case, free peritoneal grafts - ue pus of - a Surg. pipes piden aes E 

eo : : E LUE NS . Morley, G. W. and Lindenauer, $. M.: Peritoneal Graft in Tota 

may also be of value Ju closing intra-abdominal defects Pelvic Exenteration. Am. J. Obstet. Gynecol., 110:696, 1971. 

that might otherwise lead to internal herniation. 9. Raftery. A. T.: Regeneration of Parietal and Visceral Perito- 
neum: An Electron Microscopical Study. J. Anat., 115:375, 
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Cloacogenic Carcinoma 


JAMES D. SINK, M.D., STEPHEN A. KRAMER, M.D., DANA D. COPELAND, M.D., H. F. SEIGLER. M.D. 


Cloacogenic carcinoma is a rare tumor of the anorectal region 
originating from a persistant remnant of the cloacal membrane 
of the embryo. The tumor accounts for 2—3% of anorectal 
carcinomas and occurs more than twice as often in women. 
Most tumors present as fungating or ulcerating lesions, but the 
tumor may arise in anal ducts and present as a submucosal 
mass. Wide abdominoperineal resection is the treatment of 
choice with a five year survival of 50%. Metastases occurs to the 
inguinal lymph nodes in more than 50% of the patients at some- 
time during the course of the disease with distant metastases 


occurring most commonly to the liver and lungs. 
LOACOGENIC CARCINOMA is a rare tumor of the 
C anorectal region which originates from a persist- 
ent remnant of the cloacal membrane of the embryo. A 
case report and review of the literature are presented. 
The history, embryology, anatomy, pathophysiology 


and current trends in diagnoses and treatment are 
reviewed. 


Clinical Data 


A 48-year-old white man was admitted to the hospital in February, 
1977, because of rectal pain, constipation and rectal bleeding for 
three weeks prior to admission. His pain was exacerbated with bowel 
movements, and the patient described anorexia with a 40 pound 
weight loss over the past several months prior to admission. The 
patient denied melena, abdominal pain, jaundice, nausea and vomit- 
ing, or change in stool caliber. The past medical history revealed 
that the patient had undergone a right radical nephrectomy for renal 
cell carcinoma in October, 1976. The review of systems was non- 
contributory. Physical examination revealed a blood pressure of 
140/70, pulse 80 and regular, respirations 20 and temperature 37°. 
The physical examination was normal except for the rectal examina- 
tion which revealed a 4 cm tender, well circumscribed firm mass in 
the left anterior rectal wall. The prostate was of normal size and 
configuration and was not involved in the mass. Admission labora- 
tory data showed the patient’s hemogram and chemistries to be 
within normal limits. PA and lateral chest x-ray showed no active 
disease. The electrocardiogram was within normal limits and the 
urinalysis was negative. On February 12, 1977, the patient under- 
went sigmoidoscopy which demonstrated an intramural mass with 
intact overlying mucosa present on the anterior rectal wall at 8 cm. 
The remainder of the sigmoidoscopy was within normal limits to 25 
cm. A biopsy of the lesion consisted of nests of moderately differen- 
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tiated squamous cells with pleomorphic, irregular nuclei. Individual 
cell dyskeratosis was noted but keratin pearls were not present. A 
barium enema examination was performed on February 16, 1977, and 
revealed a 4 x 7 cm lesion involving the left anterior rectal wall 
(Fig. 1). A large extrinsic component was felt to be present by radio- 
graphic examination. An intravenous pyelogram revealed a left 
distal ureteral stone and a surgically absent right kidney. Bone and 
liver scans were within normal limits. Pulmonary tomography was 
within normal limits. On February 17, 1977, the patient underwent 
an abdominoperineal resection and left ureterolithotomy. Wide 
excision of the perineal skin was performed. The patient tolerated 
the procedure well and his postoperative course was uneventful. 
He was discharged on March 5, 1977, and follow-up examination in 
the surgical clinic reveals the patient to be in good health without 
further symptomatology. 

The resected portion of the anus and rectum was examined. A 
3 x 4 cm mass was identified in the anterior wall of the rectum 
approximately 4 to 8 cm proximal to the pectinate line (Fig. 2). In 
parafin sections of the whole tumor mass, the neoplasm was com- 
posed of nests and sheets of polygonal cells with large, vesicular 
nuclei, eosinophilic nucleoli, and numerous mitoses (Fig. 3). Keratin 
pearls were not present but individual cell keratinization was noted. 
A mixed inflammatory infiltrate with foreign body giant cells was 
present around the nests. Necrosis was present in the center of the 
tumor nests. The tumor mass extended through the muscularis but 
did not involve the mucosa. Sequential circumferential sections 
demonstrated the discontiguous relation of tumor and anal squamous 
epithelium. 


History 


The embryological, anatomical and histological 
characteristics of the complex anorectal junction were 
first described by Herman and Defosses in 1880. They 
noted that the mucosa of the inferior portion of the rec- 
tum was not directly contiguous with the external tegu- 
ment. They described a circular zone measuring 0.6— 
1.2 cm at the level of the columns of Morgagni which 
represented a persistent remnant of the cloacal mem- 
brane of the embryo.'? Bacon, in 1932, reviewed the 
embryology and histology of the anorectal area in the 
developing embryo. He described the "cloacogenic 
region" in the adult as being pale and glistening with a 
delicately wrinkled mucous membrane.! Tucker and 
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Fic. 1. Barium enema examination demonstrating a large mass in- 
volving the left anterior rectal wall. The mucosa overlying the mass is 
intact. 


Hellwig, in 1935, noted the insufficient emphasis placed 
by textbooks on the fact that the rectal mucosa does 
not join directly with the epidermis of the anal canal. 
Particular stress was placed by these authors on the 
cloacal origin of this region.** Tench, in 1936, added to 
the prior knowledge of the cloacogenic zone and its 
clinical implication.*° 

Grinvalsky and Hellwig, in 1956, reconfirmed these 
observations with precise anatomical and histological 
studies of the anorectal zone and its adnexal structures. 
They described the wide variety of histologic patterns 
seen in carcinoma arising in this area. The term "'transi- 
tional cloacogenic carcinoma" was proposed on em- 
bryologic and histologic grounds to designate tumors 
arising in the persistant cloacal remnant.? 

In 1957, Wittoesch and associates applied the term 
‘‘basaloid’’ to tumors of the cloacogenic zone.*? 
Grodsky has, however, emphasized the misleading 
connotation that this term might convey when applied 
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to a tumor with the lethal metastatic potential of a* 
cloacogenic transitional cell carcinoma.* Schech- 
terman, in 1960, separated the anorectal transitional, 
cancers into two basic pathologic patterns: (1) the more 
common nonkeratinizing tumors arising from the mem- 
branous anorectal mucosal zone, and (2) the rarer and 
more lethal pleomorphic small cell transitional tumor 
developing from the anal duct epithelium.*! 

The concomitant and sequential occurrence of fe- 
male genital carcinoma with cloacogenic carcinoma of 
the anal canal has been discussed by Stern and Kaplan 
with the postulate of a common embryologic origin. 
Embryonic evidence indicates that the surface of the 
ectocervix, vagina, perianal skin and lower anal canal 
appear to have a common origin.** In 1967, Klotz et al. 
published a clinical pathologic review of 373 cases of 
cloacogenic transitional cell carcinoma. They sug- 
gested that the wide variety of histologic patterns de- 
scribed were all variants of the basic transitional neo- 
plasm and should be considered together." 


Embryology 


The buccopharyngeal and cloacal membranes are 
unique in embryogenesis in that they represent the two 
regions in human development where ectoderm and 
endoderm are in direct contact without mesodermal 
interposition (Fig. 4). These membranes temporarily 
close the proximal and distal ends of the primative gut. 
The cloacal membrane is composed of endoderm of the 
cloaca and surface ectoderm of the future proctoderm 
or anal pit. 

The cloaca represents the terminal part of the hindgut 
and receives the allantois ventrally and mesonephric 
ducts laterally. The cloaca is divided by a mesenchymal 
sheet, the urorectal septum, which develops between 
the allantois and the hindgut (Fig. 5). Continued growth 
of the urorectal septum results in the infolding of the 
lateral walls of the cloaca. The infoldings fuse dividing 
the cloaca into two parts: (1) the rectum and upper anal 
canal dorsally, and (2) the urogenital sinus ventrally. 

During the sixth week of embryogenesis, fusion of 
the urorectal septum with the cloacal membrane results 
in the division of the cloacal membrane into a dorsal 
anal membrane and a larger ventral urogenital mem- 
brane. The point of fusion between the urorectal 
septum and the cloacal membrane becomes the perineal 
body (Fig. 5). 

The proctoderm or anal pit forms subsequent to mes- 
enchymal proliferations around the anal membrane. 
The anal membrane ruptures during the seventh week 
of embryogenesis establishing the anal canal. The 
upper two-thirds of the canal are derived from the 
hindgut; the lower one-third from the anal pit.’ 
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Fic. 2. A longitudinal sec- 
tion through the posterior 
wall of the resected speci- 
men. The mucocutaneous 
anal junction is marked by 
an arrow. The tumor lies 
beneath mucosa and mus- 
cularis midway between 
distal and proximal margins 
of resection (x 1.03). 


The pectinate line is formed from the junction of the 
ectoderm derived epithelium of the anal pit with the 
endoderm of the hindgut. Just proximal to the pectinate 
line a remnant of the cloacal membrane persists. It is 
from this remnant that transitional cell cloacogenic 
carcinoma arises. 


Anatomy 


The anatomy of the anorectal junction is complex 
and has been obscured by inconsistent terminology. 
From the anal verge, true epidermis merges with a 
thicker stratified squamous epithelium with little or no 
keratinization. This region is the pecten and represents 
the proximal extent of stratified squamous epithelium. 
Simple columnar epithelium of endodermal origin lines 
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Fic. 3. The histologic appearance of the tumor seen in Figure 2. 
Nests of pleomorphic transitional cells with some manifestations 
of squamous differentiation were characteristic of all portions of 
this neoplasm. Hematoxylin and eosin stain (x 120). 
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the mucosal surface of the rectum and extends toward 
the pectinate line. The columnar epithelium frequently 
becomes cuboidal as it invests the internal hemor- 
rhoidal plexus and the columns of Morgagni. The 
cuboidal epithelium changes insidiously into transi- 
tional epithelium at a variable level above the pectinate 
line and extends to cover the anal valves which lie just 
proximal to this pectinate line (Fig. 6). The violaceous 
"transitional" zone ranges from 0.3-1.2 cm. in length 
and represents the region from which transitional cloa- 
cogenic carcinomas arise.!? 

Anal ducts arise from the anal crypts and can extend 
both cephalad and caudad. The ducts can penetrate 
the anal sphincters, extending into the perianal fat. 
These tubular glands show minimal branching and are 
lined by transitional or stratified squamous epithelium 
(Pig, 7), "^ 
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Fic. 4. Diagram of early human embryo demonstrating buccopharyn- 
geal and cloacal membranes which temporarily close the proximal 
and distal ends of the primative gut. 
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Pathology 


The heterogeneity of histologic patterns present 
normally in the epithelium of the anorectal region leads 
to varied histologic patterns in neoplasms arising in the 
area. Terms such as "cloacogenic, ? "transitional, ^ 


"basaloid, ^ ^'basosquamous, "^ "small cell," ?? 
“undifferentiated, 5 *'muco-epidermoid, "^ ‘‘adeno- 
acanthoma,' ! and ‘‘cylindroma’’'' are among the 


many which have been used to describe tumors at this 
site. Classification of these neoplasms in the single 
category of cloacogenic carcinoma is consistent with 
the common embryologic derivation of these tissues.? 

While several schemes for subclassification of cloa- 
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Fic. 6. Stratified squamous epithelium lines the anal canal distal to 
the pectinate line. Columnar epithelium lines the rectal mucosal 
surface. The columnar epithelium frequently becomes cuboidal 
which, in turn, changes into transitional epithelium at a variable 
level above the pectinate line. 
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FiG. 5. The urorectal sep- 
tum develops between the 
allantois and the hindgut 
and divides the cloaca into 
the rectum and upper anal 
ANAL CANAL canal dorsally and the uro- 
É genital sinus ventrally. 
Fusion of the urorectal sep- 
tum with the cloacal mem- 
brane divides the cloacal 
membrane into a dorsal 
anal membrane and a ven- 
tral urogenital membrane. 
The anal pit forms around 
the anal membrane subse- 
quent to mesenchymal 
proliferations. 
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cogenic carcinomas have been proposed, there is little 
justification for subclassification without prognostic 
significance. Two categories: (1) poorly differentiated 
small cell tumors, and (2) large cell tumors which may 
be either transitional or squamous and frequently show 
mixed transitional-squamous differentiation, behave 
differently. The poorly differentiated small cell pattern 
is less common but portends a worse prognosis with 
a shorter clinical course and early metastasis." These 
tumors are composed of nests of dark round or spindle 
cells with round hyperchromatic nuclei and little cyto- 
plasm. The similarity between the histologic appear- 
ance of this tumor and the oat-cell carcinoma of the 
lung has been noted.'* However, electron microscopy 
of these anaplastic tumors suggest that they are poorly 
differentiated epidermoid tumors." Mitoses are 
common in the small cell tumors and eosinophilic ne- 
crosis is common in the center of the nests. Pallisading 
of nuclei around the periphery of the cell nests is not a 
feature of this neoplasm. 

The more common variant of the transitional cell 
cloacogenic carcinoma is the tumor with conspicuous 
transitional differentiation. These tumors are com- 
posed of closely packed nests and sheaths of moder- 
ately large ovoid or polygonal cells with rounded or 
oval vesicular nuclei. Peripheral pallisading of nuclei 
Is common and when present suggests a better prog- 
nosis. The degree of differentiation and pleomorphism 
is variable. Less well differentiated tumors may have 
conspicious central necrosis with acidophilic debris. 
Squamous differentiation can be identified in many 
tumors and may predominate in some. Individual cell 
keratinization is common especially in those tumors 
with prominent squamous components. Unlike the 
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FiG. 7. Anatomy of ano- 
rectal junction. Anal ducts 
arise from anal crypts and 
can extend both cephalad 
and caudad. These tubular 
glands can be lined by 
transitional epithelium. 
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squamous cell carcinomas of the anus, keratin pearls 
and prickle cells are not common in the transitional 
cell cloacogenic carcinoma with squamous differ- 
entiation.’ 

The majority of cloacogenic tumors occur below or at 
the pectinate line. The tumors can, however, occur 
higher in the rectum originating in anal ducts which 
course cephalad.’ A cloacogenic carcinoma has been 
reported in the rectum 10 cm above the anorectal junc- 
tion.” Tumors arising from the transitional epithelium 
lining the anal ducts also account for the occurrence of 
cloacogenic neoplasms in the submucosa or muscularis 
of the rectum. Most tumors present, however, as fun- 
gating, ulcerated or excavated lesions which are indis- 
tinguishable from adenocarcinoma by gross examina- 
tion. Reported tumors have varied in size from in situ 
lesions to lesions greater than 10 cm in greatest diam- 
eter at the time of diagnosis. '4 


Incidence 


The reported incidence of cloacogenic transitional 
cell carcinoma as a per cent of the total group of anal, 
anal canal, and rectal carcinomas varies between 2 and 
3.2%. In the largest reported series, Klotz reported that 
transitional carcinoma represents 2.7% of the anal and 
rectal neoplasms. He also found an equal frequency for 
squamous cell carcinoma of the same area.!* Schech- 
terman found that 2% of the anorectal neoplasms were 
cloacogenic carcinomas.”! Grodsky reported an 
incidence of 3.1%. Both Schechterman and Grodsky 
found fewer transitional neoplasms than Squamous 
carcinoma, with a ratio of 2.5:1.%! 
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Age and Sex 


All reported series to date show a ratio favoring fe- 
males. Females represented 67% of Klotz's cases," 
7876 of Schechterman's cases,” 71% of Grodsky's 
cases" and 57% of Cullen's series.? The youngest and 
oldest reported patients with cloacogenic carcinoma 
were 29 and 89 years old when diagnosed.'* The aver- 
age ages reported are 57 years (Grodsky),® 55.2 years 
(Schechterman*!), 60.6 years (Cullen?) and 60.4 years 
(Klotz'*). In those series reporting race, 96% of the 
patients were caucasian and 4% were negro. 


Symptomatology 


Patients presenting with cloacogenic transitional cell 
carcinoma have a variety of symptoms, none of which 
Is specific. Rectal bleeding, a protruding mass, a change 
in bowel habits and rectal pain are the most common 
presenting symptoms. Other complaints include peri- 
anal puritis, weakness, mucous discharge from the anus 
and recurrent abscesses. Several of the reported cases 
were discovered on routine examination with no 
symptoms reported by the patients. The onset of 
symptoms is often abrupt, with the duration of symp- 
toms for cloacogenic carcinoma being generally briefer 
than the duration of symptoms for squamous cell anal 
neoplasms.?:6:7.8.14 


Differential Diagnosis 


Cloacogenic transitional cell carcinoma must be 
differentiated from inflammatory lesions as well as from 
the more frequently occurring carcinomas of the anus 
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and rectum. Glickman and Margulis? have reported 
radiological features which they feel can distinguish 
cloacogenic carcinoma from other conditions. On 
barium enema examination, the lesion appears plaque- 
like, smooth or finely ulcerated, and is usually located 
at the anorectal junction with the upper and lower bor- 
ders being well defined. While squamous cell carci- 
noma of the anus may produce plaque-like masses 
which are similar to typical cloacogenic carcinoma, 
only the upper margin of squamous cell carcinoma Is 
visible on barium enema examination since the lower 
portion of the tumor extends through the anus. The 
lower border of the typical cloacogenic carcinoma, 
however, is well defined by barium enema. 

Adenocarcinomas of the rectum are usually larger 
and more proximal in the rectum than cloacogenic 
carcinomas. The irregular surface and acute angles at 
the edges of adenocarcinoma are distinguished from the 
usual smooth or finely ulcerated surface and smoothly 
tapered edges of the typical cloacogenic carcinoma. 
However, the advanced cloacogenic carcinoma arising 
high in the rectum appears quite similar to adenocarci- 
noma of the rectum by barium enema examination.? 

Villous adenomas of the rectum usually are easily 
distinguishable by their bulkiness, acute angles at the 
edges, and a characteristic appearance of barium 
trapped between fronds of the tumor.” Abscesses in 
the anorectal area should be easily diagnosed clin- 
ically. Abscesses have a more round and smooth 
appearance than cloacogenic carcinoma by barium 
enema.? 


Biological Course of the Disease 


The lymphatic drainage of the greater part of the 
rectum follows the midhemorrhoidal vessels to sacral 
or internal iliac lymph nodes which drain into the 
common iliac nodes. The lymphatics from the upper 
part of the anal canal follow the inferior hemorrhoidal 
and internal pudenal veins to the internal iliac lymph 
nodes. The lower portion of the anal canal, however, 
drains into the superficial inguinal nodes. Cloacogenic 
carcinoma involving the anal canal may metastasize to 
the sacral, iliac, celiac or superficial inguinal nodes.” 
Metastasis occurs to the inguinal nodes sometime dur- 
ing the course of the disease in more than 50% of the 
patients. Klotz et al. reported that 45% of the 275 
cases on which such information was available had 
metastases to lymph nodes present at the time of initial 
surgery. He reported that the most commonly involved 
group was the perirectal nodes (75%) followed by the 
inguinal nodes (63%) and the iliac groups (9%)."* 

The majority of primary lesions have been reported 
to occur in the anterior wall of the anal canal. Contig- 
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uous involvement of the vagina and prostate occurs note 
infrequently. The posterior wall of the vagina is in- 

volved with tumor in 22% of cases while prostatic 

involvement occurs in 5%.'* Distant metastases occur 
most frequently to the liver and lungs respectively. 

Bony metastasis, although infrequent, has been 

reported.'” 

The average period from the onset of symptoms until 
death has been reported to be 19.7 months in a group of 
patients receiving no treatment other than a diverting 
colostomy. Survival time was eight to 36 months within 
this group. Patients receiving either surgical or radia- 
tion therapy had an average survival time of 27.8 
months." 


Treatment 


A wide variety of surgical procedures and radiothera- 
peutic modalities have been used in the initial treat- 
ment of cloacogenic transitional cell carcinomas. The 
most widely used treatment is abdominoperineal resec- 
tion with wide excision of perineal skin and soft tissue. 
A posterior colpectomy is included if vaginal involve- 
ment is present. Some surgeons advocate a posterior 
colpectomy with the initial abdominoperineal resection 
in all females.??? No increase in survival has been 
demonstrated, however, with colpectomy in the ab- 
sence of vaginal involvement."* 

For those patients with clinical evidence of inguinal 
nodal metastasis, groin dissection as a staged proce- 
dure is indicated if there is no evidence of dissemina- 
tion elsewhere." Inguinal node dissection in the ab- 
sence of clinical nodal metastasis has been 
advocated.?'?* 

Radiotherapy has been used by some groups both as 
an adjuvant to surgery and as treatment for nonoper- 
able lesions. The responsiveness of the tumor to radia- 
tion is nonconclusive in several reports.!* ^^? Other 
groups, however, report favorable results with adju- 
vant radiation therapy.” 

Perineal or pelvic recurrence has been treated surgi- 
cally and by radiotherapy with both modalities showing 
equally poor results. Five-fluorouracil has similarily 
been ineffective in the treatment of distant metas- 
tases. A favorable response to liver metastasis has 
been reported with the combination of radiation and 
chemotherapy.’ 


Prognosis 


Most series report overall five year survival to be 47— 
5092.7:13-4 Factors associated with an unfavorable prog- 
nosis include tumor size greater than 2 cm in greatest 
dimension, age less than 40 years or greater than 70 
years, poor differentiation of the tumor cells, and large 
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ə amounts of fibroblastic activity within the tumor. In- 
tense inflammatory response surrounding the tumor 
has been associated with a favorable response. As with 
other malignancies, increased depth of invasion, 
lymphatic and vascular invasion and nodal or distant 
metastasis are associated with a poor prognosis.'* 


Conclusions 


lransitional cell cloacogenic carcinoma arises from 
the remnant of the cloacal membrane and accounts for 
2-3% of all anorectal neoplasms. Although usually 
occurring below or at the pectinate line, cloacogenic 
tumors can occur higher in the rectum originating in 
anal ducts. Abdominoperineal resection with wide 
excision of perineal skin and soft tissue is the most 
widely used treatment. Overall five year survival is 50% 
with increased depth of invasion, lymphatic and vas- 
cular invasion and nodal or distant metastasis being 
associated with a poor prognosis. The many presenta- 
tions of cloacogenic transitional cell carcinoma make 
clinical diagnosis difficult. Any nodule, chronic ulcer or 
indurated fissure arising near the pectinate line should 
be biopsied. The physician should be suspicious when 
nontender, intramural masses occur in the anorectal 
region and when biopsies taken in this area reveal 
unusual cell types. 
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Male Breast Cancer: 


A Clinicopathologic Study of 97 Cases 
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From 1949 through 1976, 97 men have been treated at Me- 
morial Hospital for primary operable breast cancer. Seven per 
cent had intraductal carcinoma. Of the patients with invasive 
carcinoma 30% were pathologic stage I, 54% stage II, and 16% 
stage HI. Fourty-six per cent had pathologically negative 
axillary lymph nodes. The most common type of tumor was 
infiltrating duct carcinoma. Fourty per cent of the patients 
had microscopic gynecomastia. None of the eight patients with 
intraductal or intracystic carcinoma died of cancer. Survival 
of the entire group of men with invasive carcinoma was 40% 
after ten years. The ten year survival for men with negative 
nodes was 79%, for men with positive nodes 11%. Comparison 
with a series of 304 women with breast cancer operated on at 
Memorial Hospital in 1960 revealed no difference with regard 
to incidence of positive axillary lymph nodes or stage of disease. 
There was, however, a significantly lower survival rate for men. 
This poorer prognosis was limited to those men with patho- 


logically positive axillary nodes. 

ANCER OF THE MALE BREAST is an uncommon dis- 
C ease occurring 1% as often as cancer of the female 
breast. Each year in the United States at least 600 new 
cases are diagnosed and 250 men die of the disease." 
Holleb, Robbins, and others from Memorial Hospital 
as well as authors from other institutions have dis- 
cussed the presenting symptoms, prognosis, patterns of 
metastases, treatment, and possible etiologies of this 
disease.” 587020-2 [n order to identify those factors 
which influence survival and to determine the fre- 
quency of gynecomastia in this disease, we have ana- 
lyzed the records of all men treated for breast cancer 
at Memorial Hospital from 1949 through 1976. From 
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this group we selected for study only those men with 
operable disease whose initial treatment was at this 
hospital. 


Materials and Methods 


From 1949 to 1976, 97 men were treated at Memorial 
Hospital for primary operable carcinoma of the breast. 
Some of these patients had a biopsy performed else- 
where. but in all cases the initial definitive surgical 
treatment was at this institution. Patients with clinical 
evidence of distant metastases or supraclavicular 
lymph node involvement at the time of presentation 
have been excluded. 

Pathologic specimens were reviewed and classified 
by one of us (PPR) without knowledge of the prior pa- 
thology report except that all patients were said to have 
had breast cancer. Material from all but 19 of the 97 pa- 
tients was available for rereview. Slides for all 97 pa- 
tients in the report had previously been reviewed at this 
institution at the time of initial treatment. 

Assessment of the presence or absence of gyneco- 
mastia was based on the examination of samples of 
uninvolved breast tissue available for review. The 
number of slides or amount of tissue varied consider- 
ably among the cases. To be recorded as having gyne- 
comastia it was necessary that there be multiple ducts 
with papillary epithelial hyperplasia with at least some 
stromal proliferation. Stromal proliferation alone was 
never the basis for a diagnosis of gynecomastia. These 
features were felt to be distinctive from senile atrophy. 

The TNM staging was based on the size of the pri- 
mary tumor as measured by the pathologist, and from 
either the clinical or pathological extent of axillary 
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" TABLE |. Operations Performed to Treat 
Primary Breast Cancer in Men 
——— MÀ —— '— —  —— MÓN ERN 





Modified 
Radical Radical Simple 
Mastectomy Mastectomy Mastectomy 
Invasive Carcinoma 73/89 82% 8/89 95% 8/89 9% 
Intraductal Carcinoma 2/8 25% 4/8 SOG 2/8 28% 





nodal metastases (see appendix). In some cases, when 
the initial excisional biopsy was performed at another 
hospital, the size of the tumor was not known. These 
patients could not be staged. Survival rates were calcu- 
lated from the initial date of treatment by the life table 
method.' 95% confidence limits were calculated using 
the method of Greenwood.? 

Follow-up was obtained by direct contact with the 
patient or his family. The cause of death of patients 
was obtained from autopsy reports and death certifi- 
cates when available, or by correspondence with the 
hospital and physician caring for the patient at the time 
of his death. Patients dead of other causes, lost to 
follow-up. or alive at last follow-up within less than ten 
years after surgery were removed from risk during the 
midpoint of the year when they were last seen. Patients 
with recurrent cancer when last seen were considered 
to have died of disease at that date. Except for routine 
chest x-rays further postoperative evaluation was per- 
formed only in those patients whose physical findings 
or symptoms suggested recurrence. 

The data on staging and survival of women with 
breast cancer was obtained from a recent study of 304 
women treated at Memorial Hospital in 1960.!5 Sta- 
tistical significance of selected observations was tested 
by the method of CHI square. Differences were con- 
sidered to be significant when p < .05. 


Results 


The median age ofthe men in this series was 65 years. 
Eighty-nine had invasive carcinoma and eight had intra- 
ductal or noninvasive carcinomas. There were five 
patients with bilateral breast cancer, one of whom had 
synchronous cancer in both breasts. Of the group with 
invasive carcinoma, 82% were treated by radical mas- 
tectomy, 9% by modified radical mastectomy, and 9% 
by simple mastectomy. At least 13 of these patients, ten 
of whom had axillary metastases, received postopera- 
tive radiation therapy. Simple mastectomy was limited 
to those patients who were high operative risks because 
of other serious concurrent disease. Patients with intra- 
ductal carcinoma were usually treated with less exten- 
sive operations (Table 1). 

The clinical assessment of axillary lymph node me- 
tastases could be compared to pathologic findings in 85 
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TABLE 2. Frequency and Extent of Axillary Lymph Node 
Metastases Based on Pathologic Evaluation in Men 
and Women with Invasive Breast Cancer 
Positive at 
Positive at levels H 
Total Negative level I* only and/or HI* Unknownt 
Men 89  41(4600) 15 (17%) 25 (28%) 8 (9%) 
Women: 304 147(48%) 59 (19%) 98 (32%) — 





* Level I consisted of the nodes adjacent to the breast, lying 
lateral and inferior to the pectoralis minor muscle. Level 11 nodes 
were situated behind the pectoralis minor muscle. Level Ili nodes 
were at the apex of the axillary dissection, medial and superior to 
the pectoralis minor muscle. 

* Patients treated by simple mastectomy. 

i From Schottenfeld et al. 


patients. Errors were common. The clinical impres- 
sion was correct in 63 (74%) of the patients, falsely 
negative in 15 (18%) and falsely positive in seven (8%). 
Of the 89 men with invasive carcinoma 41 (46%) had 
pathologically negative nodes, 15 (17%) had metastases 
only in level I lymph nodes, and 25 (28%) had metasta- 
ses in levels II and/or IH (Table 2). Axillary metastases 
were found in 12 of 34 (3596) of men with primary tu- 
mors 2 cm or less in diameter and 23 of 31 (74%) of those 
with tumors larger than 2 cm. 

Of the 89 men with invasive carcinoma, 12 with nega- 
tive nodes could not be clinically staged bechuse the 
size ofthe primary tumor was not known. An additional 
eight patients treated by simple mastectomy could not 
be staged pathologically because the axillary lymph 
nodes could not be microscopically examined. Of the 
69 patients who could be staged, 21 (30%) were classi- 
fied pathologic stage I, 37 (54%) stage II and 11 (1692) 
stage III (Table 3). 

The most common histologic type of breast cancer 
in men was infiltrating ductal carcinoma (IFDC) (Table 
4). Of the 68 patients with this type of carcinoma 31 
(46%) did not have areas of intraductal carcinoma 
(IDC) recognizable in the tumor. Among our patients 
with male breast carcinoma we also found four cases 
of intracystic papillary carcinoma (Fig. 1), one colloid 
carcinoma, one tubular carcinoma, and four cases of 


TABLE 3. Comparison of Stage of Disease in Groups of Men 
and Women with Breast Cancer at Memorial Hospital 


ed 








Stage I Stage II Stage IH 
Men (clinical) 25/7] 3296 41777 5396 11/77 1496 
Men (pathologic) 21/69 30%* 37/69 54% 11/69 16% 





Women (clinical)t 66/304 22% 176/304 58% 62/304 20% 

Women (pathologic)? 55/304 18%* 187/304 62% 62/304 20% 

Men = 64 9/33 33% 18/33 55% 6/33 18% 

Men > 65 12/36 33% 19/36 53% $736 14% 
*p< .05. 


t From Schottenfeld et al.'® 
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TABLE 4. Comparison of Pathologic Types of Breast Carcinoma present, the stage of disease or the pathologic extent. 


in Groups of Men and Women at Memorial Hospital 








Type of carcinoma Men Women* 
Intraductal (ID) 4+ 5% 3.8% 
Intraductal and 

Infiltrating duct 

(ID + IFDC) 37} 47% 64% 
Infiltrating duct 

(IFDC) 31§ 40% 15% 
Intracystic papillary 4 5% 
Colloid | 1% 1.4% 
Tubular l 196 
Not reviewed 19 15% (Other) 





* From Rosen et al." 

+ Includes one case of papillary intraductal carcinoma. 

t Includes 4 cases with Paget's Disease and 2 with papillary 
carcinoma. 

§ Includes one infiltrating terminal ductal, one poorly differenti- 
ated, and one duct carcinoma with apocrine metaplasia. 


Paget's disease. This series did not include any exam- 
ples of medullary or lobular carcinoma. 

Forty per cent of the 70 patients from whom suffi- 
cient material was available for review had microscopic 
evidence of gynecomastia (Fig. 2). We could not com- 
pare the prevalence of clinical gynecomastia in all hos- 
pitalized patients with that pathologically identified in 
breast cancer patients because the pertinent informa- 
tion was not indicated in every chart. There was no 
significant difference in the prevalence of gynecomastia 
diagnosed in patients over or under the age of 65. The 
presence or absence of microscopic gynecomastia was 
independent of the proportion of intraductal carcinoma 





of axillary metastases. 

Areas of intraductal carcinoma within infiltrating 
duct carcinomas were more often found in patients with’ 
less advanced lesions. Of the 33 patients with ID 
+ IFDC in whom the pathologic stage was known, 13 
were stage I. Only three of 21 patients without an intra- 
ductal component to their tumor were in stage I (Table 
5). Similarly there was a significantly greater percent- 
age of patients with negative axillae in the ID + IFDC 
group than in the group with IFDC alone (Table 5). 

Life table analyses of survival are summarized in 
Table 6. No patient with purely intraductal or cystic 
papillary carcinoma died of breast cancer. Therefore 
survival figures are calculated only for those patients 
with invasive carcinoma who were treated by radical 
or modified radical mastectomy. For this group of pa- 
tients the five year and ten year survivals are 72% and 
40% respectively. In men with no axillary metastases 
the five and ten year survivals were 90% and 79% re- 
spectively. However, after ten years only 11% of men 
with positive axillary nodes had survived. 

Men with pathologic stage I disease had 100% five 
and 89% ten year survival rates. Men with pathologic 
stage II disease had five and ten year survivals of 63% 
and 12%. Because of the small number of men with 
stage III disease, survival figures in this group were not 
meaningful. There was no difference in the observed 
survival between men greater or less than 65-years-old. 

Men with pathologic stage II breast cancer were 
further subdivided to better understand their low sur- 


Fic. 1. Photomicrograph of 
part of a cystic papillary 
carcinoma. Wall of the 
cystic tumor is in lower part 
of this field. 
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Fic. 2. Gynecomastia in 
the breast of a patient with 
carcinoma. This was not 
Clinically evident. Note 
slight papillary prolifera- 
tion of ductal epithelium, 
edema of periductal con- 
nective tissue with infiltrate 
of lymphoid cells. 


vival. Among the six patients with T2NO disease there 
were only two deaths after ten years. All eight of those 
men with TINI disease had died of cancer within ten 
years. Of the 37 men in pathologic stage II, six had 
T2NO disease and ten had TINI disease. 

The median time interval from diagnosis to recur- 
rence was 24 months (range 1—120 months). The me- 
dian survival after recurrence was 22 months (range 0— 
108 months). There was an encouraging trend towards 
earlier diagnosis and treatment. Prior to 1960 only 17 of 
39 men (44%) were treated within three months of the 
onset of symptoms and in 16 of 39 (41%) therapy was 
delayed for more than one year. Since 1960 only 12 of 
58 (21%) have delayed treatment for more than one year 
and 35 of 58 (60%) were treated within three months 
of initial symptoms. 


Discussion 


Many authors have emphasized that men develop 
breast cancer at a later age than women.?552? The me- 
dian age of men in our series was 65 years. This was 11 
years older than the mean age of 54.1 years seen in wo- 
men with breast cancer at Memorial Hospital.!5 Be- 
cause of this and because men die at a younger age than 
women we chose to analyze our data by the life table 
survival method. This allowed adjustment for deaths 
due to other causes and the comparison of two or more 
groups of different age dependent expected mortality. 

Several authors report equal survival rates for men 
and women with breast cancer.55:1923 In those studies, 
however, ten year follow-up was not obtained. We 
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found that although there was no difference between 
survival of men and women at five years, men had a 
poorer prognosis at ten years (Table 6). The 40% sur- 
vival reported in this series was significantly less than 
the corresponding 62% survival for all women with 
breast cancer at ten years.'® The five and ten year sur- 
vival in men with no axillary metastases was similar to 
that found in women. However, the 11% ten year sur- 
vival of men with pathologically positive axillary nodes 
was worse than the 4346 survival of women with axil- 
lary involvement (0.02 — p — 0.05). Similarly, while 
men and women with pathologic stage I disease had a 
good prognosis, the 12% ten year survival of men with 
pathologic stage II disease was worse than that in wo- 
men with stage II disease. 

We observed a particularly poor prognosis for men 
with TINI disease. A similarly poor prognosis for wo- 
men has been reported.'® There seemed to be fewer 
men in stage II who had T2NO disease (6/37) and more 
with T1N1(10/37) than in a similar population of women 
(72/197 and 25/197 respectively). This, however, was 


TABLE 5. Relationship of Extent of Disease to Pathologic Tvpe 
in Men with Breast Cancer 








Pathologic Lymph Node 
Stage Status* 
I II II Neg. Pos. 
ID + IFDC 13 17 3 19 16 
IFDC 3 14 4 8 18 





* p< .001. 
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TABLE 6. Comparison of Survival at Five and Ten Years (in Per Cent) in Groups of Men and Women Treated . 
for Breast Carcinoma at Memorial Hospital? 
E a nnn TC cece 
Five Years Ten Years . 
Men Women? Men Women* 
Numberz Number Number$ Number 
at risk Survival at risk Survival at risk Survival at risk Survival 
eR n 
Axillary nodes Neg. 

(pathologic) 41 90 + l 147 86 + 17 79 + 18 126 Il 24 
Axillary nodes Pos. 

(pathologic) 40 59 + 18 157 S9 -8 16 Hox 13 92 43 * 8 
Axillary nodes Neg. 

(Clinical) AR 75 + 14 22 48 + 16 179 I2 es 
Axillary nodes Pos. 

(Clinical) 33 55 + 22 10 Beh 142 38 x05 
Stage I (Pathologic) 2] 100 55 91+ 8 10) 89 + 21 30 82 + 10 
Stage H (Pathologic) 37 63 + 19 187 87 = § 15 12:50 15 163 68 + 7 
Stage HI (Pathologic) l] 45 x29 62 St + 12 5 25.216 32 39 2542 

Total 81 72 x M 304 TS 33 40 + 14 ea) 62 + 
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* Includes all patients with invasive carcinoma who were treated 
with mastectomy and axillary lymph node dissection. 
t From Schottenfeld et al.'? 


probably an artifact due to the 12 men with negative 
axillary nodes in whom the size of the primary tumor 
was not known. If many of these were T2NO, their 
inclusion would have resulted in a population similar to 
the women. 

The 40% survival of men in this series was about the 
same as the 35% survival reported by Crichlow.? He 
attributed this low survival in part to the advanced age 
and possible delay in diagnosis of men with breast can- 
cer. Slack, in a review of 56 cases treated from 1960 to 
1968'* attributed the poorer prognosis for men with 
breast cancer to a higher frequency of stage H and II 
disease. He observed that men and women had similar 
survivals after adjusting for stage of disease. Langlands 
et al.” in a report of 88 patients found more than 60% of 
men to have stage III disease. However, we could not 
relate the poor survival of men to a high proportion with 
advanced disease. In our series, by either pathologic 
or clinical criteria the percentage of men with stage I dis- 
ease was greater than the percentage of women with 
stage I disease (Table 3). In addition, there was no dif- 
ference in survival between men greater or less than 
65-vears-old. 

The most important factor determining prognosis 
was the presence or absence of axillary lymph node 
metastases. After ten years only 11% of patients with 
pathologically positive axillary nodes survived. 
Crichlow? made a similar observation. Only 4% of his 
patients with positive nodes survived ten years. The 
percentage of men with positive axillary nodes was the 
same as for women (Table 2). Therefore the low sur- 
vival of men with breast cancer was due to other factors 
that increased the lethality of cancers metastatic to axil- 
lary nodes, not to a predominance of advanced disease. 


t Alive at beginning of year one. 
$ Alive at beginning of year six. 
* Derived from Schottenfeld et al^, Figure 1. 


This difference was seen only in those patients with 
stage II disease. The prognosis of men and women with 
stage III disease was equally poor. 

Analysis of these survival figures emphasized two 
points. Reliable data are only obtained by following 
patients for at least ten years. Secondly, because of the 
frequency of errors in the clinical evaluation of axillary 
lymph nodes and the poor prognosis for patients with 
axillary nodal metastases, clinical staging may give rise 
to misleading results (Table 6). Evaluation of the treat- 
ment for male breast cancer should be based on patho- 
logic staging only. 

The reason for the lethal nature of stage Il cancers in - 
men may be related to their central location. The extent 
of axillary nodal involvement is similar in men and 
women (Table 2). Handley? showed that in women, 
cancers in a central position had a poor prognosis, pos- 
sibly because of the high frequency of internal mam- 
mary lymph node metastases. This may partially ex- 
plain the poor prognosis we observed in men in whom 
breast cancer almost always occupied a central 
position.*!! We were unable to evaluate internal mam- 
mary metastases since these lymph nodes were not 
biopsied in any of our cases. 

Eighty-seven per cent of the cancers seen in this 
series were infiltrating duct carcinomas. This is similar 
to what has previously been reported.*5!' 297?! Silver- 
berg and Chitale!* described an increasing frequency of 
lymph node metastases in women with ductal carci- 
noma as the percentage of intraductal carcinoma de- 
creased and the infiltrating component increased. We 
observed a similar pattern in men. There was a higher 
incidence of stage I disease and negative nodes in those 
men whose tumors contained intraductal elements. Al- 
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‘though Silverberg and Chitale demonstrated a de- 
creased survival in women in whom 90-99% of the tu- 

^ mor was IFDC we were not able to confirm this in men. 
As others have noted. papillary carcinoma in this 
series had a better prognosis than infiltrating duct 
carcinoma.*:!! 29 
Clinical gynecomastia has rarely been associated 
with breast cancer in men.?^?** On the other hand. 
microscopic gynecomastia characterized by fibroepi- 
thelial proliferation and lymphocytic infiltration, 
occurs in 3% of all men at autopsy.'* Scheike and 
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M. Distant Metastuses 
MO None present 
MI Present 


Clinical or Pathologic Stage Grouping 
Stage I— TINOMO 
Stage II—TINIMO 
T2N0MO 
T2NIMO 
Stage III — T3 with any N MO 
T4 with any N MO 
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There seemed to be no relationship between gyne- 
comastia and the extent of disease or survival. The high 
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Clinical Pharmacology of Intravenous and Intraperitoneal’ 
Aminoglycoside Antibiotics in the Prevention of 


Wound Infections 


CHARLES D. ERICSSON, M.D., JAMES H. DUKE, JR., M.D., LARRY K. PICKERING, M.D. 


Seventeen patients had intraoperative peritoneal lavage with a 
solution containing one gram of kanamycin in 200 ml of 0.9% 
NaCl. The solution was removed by suction at two or five 
minutes. Venous blood samples were obtained at 15 minute 
intervals for two hours following lavage. Despite diligent at- 
tempts, an average of only 60% of the solution was re- 
covered by suction. The peak concentration of kanamycin in 
serum correlated directly with the kanamycin dose (p < 0.025). 
In six patients lavaged for five minutes, peak absorption 
occurred at 15 minutes with serum concentrations of 20.3 + 2.0 
pg/ml. In five patients lavaged for two minutes insignificantly 
(p > 0.1) lower peak serum concentrations (15.3 + 1.8 pg/ml) 
occurred at 15 minutes. Six additional patients had peak 
kanamycin serum concentrations which occurred at 75 minutes 
and reached 23.2 and 24.0 g/ml in two patients. In three 
patients who received intravenous gentamicin prior to surgery, 
nine paired serum and peritoneal fluid samples obtained during 
three hours preceding lavage showed no significant differences 
in gentamicin concentrations (p > 0.5). These pharmaco- 
kinetic data demonstrate the penetration of parenterally 
administered aminoglycosides into intraoperative peritoneal 
fluid. Kanamycin lavage for wound prophylaxis should be 
used cautiously and should be abandoned in patients who have 
renal impairment where prolonged toxic serum concentrations 


could develop. 

N THE PREVENTION of wound infections following 
I abdominal surgery both parenteral and topical 
aminoglycosides have been advocated.” Whereas the 
pharmacokinetics of gentamicin in serum have been 
delineated,^! little is known of the penetration of 
gentamicin into the peritoneal cavity, particularly at the 
time of surgery. Knowledge of the pharmacokinetics 
of intraoperatively administered intraperitoneal kanamy- 
cin is scant.’ 

This study was undertaken to define the pharmaco- 
kinetics of absorption of intraperitoneally administered 
kanamycin under controlled conditions which mimic 
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reasonable operative procedure. In addition, the pene- 
tration of parenterally administered gentamicin into the 
peritoneal cavity during operation was assessed in 
order to compare and to contrast on a purely 
pharmacokinetic basis these two approaches to the 
prophylaxis of intraperitoneal infection. 


Patients and Methods 


Seventeen patients undergoing abdominal operations 
at Hermann Hospital, The University of Texas Medical 
School of Houston, were studied. Informed consent 
was obtained in all cases, and patients were randomly 
assigned to a two or five minute period of lavage. 

Shortly before closure, the peritoneal cavity of each 
patient was lavaged with a solution containing | g 
of kanamycin in 200 ml of normal saline at room 
temperature. The 200 ml was poured rapidly into the 
peritoneal cavity and the abdominal contents were 
agitated gently to insure dispersion of the solution. The 
lavage solution was then removed by suction. The 
volume obtained was recorded, and aliquots were 
frozen at —70° for determination of kanamycin con- 
centrations. Venous blood samples were collected at 
15 minute intervals following onset of lavage. They 
were centrifuged immediately and serum was frozen 
at —70". 

Three patients, who received preoperative intra- 
venous gentamicin, had paired venous blood and 
peritoneal fluid samples obtained before kanamycin 
lavage. The peritoneal fluid was obtained from either the 
right or left abdominal gutter and represented the fluid 
which accumulated because of bleeding and transuda- 
tion across the surgical wound. These peritoneal fluid 
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e samples were not preceded by lavage of the peri- 
toneal cavity. 

The concentrations of kanamycin and gentamicin 
were determined by the radioenzymatic method of 
Smith et al.” utilizing the enzyme gentamicin adenyl 
transferase with "C-labeled adenosine 5'-triphosphate 
as the substrate." The enzyme was obtained from a 
mutant strain of E. coli W677/HJR66 using osmotic 
disruption. In those patients who had received pre- 
operative gentamicin, kanamycin concentration deter- 
minations were corrected for the presence of the 
gentamicin. 


Results 


No significant difference in age, weight, serum 
concentration of creatinine, or the calculated dose ad- 
ministered across the peritoneum occurred between pa- 
tients in the five and two minute lavage groups (Table 
1). Despire diligent attempts an average of only 60% 
of the lavage solution was recovered by suction in 
both groups. Wound infection, respiratory distress in 
the postanesthetic period, hypotension or oliguria 
during or after surgery did not occur. 

The mean peak concentration of kanamycin in serum 
(Table 1) was higher in the five minute lavage group 
than in the two minute group; however, there was 
no significant (p 0.1) difference. In the five minute 
lavage group, five of nine patients had peak serum 
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kanamycin concentrations near or exceeding what we 
recognize as a potentially toxic level of 20 ug/ml. In the 
two minute group, 2 of 8 patients had peak levels in 
this range. 

Figure 1 shows the dose of kanamycin delivered in 
mg/kg compared to the peak serum concentration. By 
linear regression analysis the peak concentration of 
kanamycin in serum was directly correlated (p < 0.025) 
with the dose of kanamycin administered. 

Figure 2 shows concentrations of kanamycin in 
serum achieved during a two hour period following 
lavage. Data was derived from patients 1—6 in the 
five minute lavage group and patients 9b—13 in the 
two minute lavage group. Peak serum kanamycin 
concentrations occurred at 15 minutes. The mean peak 
of the five minute lavage group reached potentially 
toxic levels (20.3 + 4.8). No significant (p > 0.1) dif- 
ference by Student's t test occurred between the peak 
values of patients in the five and two minute lavage 
groups. 

Three patients each from the five and two minute 
lavage groups had a pattern of absorption different 
from the pattern shown in Fig. 2. Figure 3 shows 
the concentration of kanamycin in serum for the pa- 
tients (7, 8, 9a) in the five minute lavage group. Each 
curve shows a delayed peak at 75 minutes. The peak 
concentration of patient 9a reached the potentially toxic 
range. Patients 14, 15, and 16 from the two minute lavage 
group also experience a late peak serum concentra- 


TABLE |. Patient Data 


M ——— M M eterna remeron penne teste 


Patient Surgical Procedure 





Peak Serum 


Kanamycin Kanamvcin 
Weight Creatinine Dose Concentration 
(kg) (mg/dl) (mg/kg) (ug/ml) 


eee T a rnin 7 rerenrnnninenst ppt oreo stepeecice 


Five Minute 


Lavage 
| Porto-caval shunt 45 
2 Cholecystectomy 37 
3 Cholecystectomy 32 
4 Cholecystectomy 24 
5 Cholecystectomy 59 
6 Cholecystectomy 39 
7 Whipple procedure 71 
8 Small bowel exploration 61 
9a Choledoco-jejunostomy 59 
Mean x SD 47 + 16 
Two Minute 
Lavage 
9b Drainage right subhepatic abscess 59 
10 Cholecystectomy 34 
11 Cholecystectomy 21 
p Bilateral adrenalectomy 44 
13 Small bowel resection 28 
14 Resection enterocutaneous fistulae 
w/enteroenterostomy 41 
15 Cholecystectomy 73 
16 Colectomy 71 
Mean + SD 47 + 18 





82.3 1.0 4.3 15.8 
59.1 0.8 9.1 20:5 
70.5 1.0 4.8 15.2 
73.6 0.9 5.0 19.6 
I3 0.8 EAT 19.0 
82.3 1.0 3.8 25.8 
90.0 1.0 3.4 8.9 
66.4 I 5.7 15.4 
56.0 1.8 11.3 23.2 

Z3 LI 1.0 + 0.3 IPERI 18.8 + 5.7 
56.4 1.0 8.5 15.8 
94.5 0.9 2.1 13.9 
110.9 0.9 6.1 16.9 
83.2 0.8 6.6 22.8 
ast 1.0 224 7.8 
59.1 1.0 3.4 6.3 
77.3 1.3 4.0 13.7 
66.4 1.7 8.4 24.0 

78 * 18 |. d] + 0.3 2.9 5552.3 15.4 + 6.3 
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tion and in patient 16 the peak levels were in the 
potentially toxic range. 

Figure 4 shows the comparison of paired serum 
and peritoneal fluid gentamicin concentrations in three 
patients who had received preoperative intravenous 
gentamicin. Also displayed is paired data obtained 
after one patient underwent copious saline lavage. 
The concentrations of gentamicin in the peritoneal 
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Fic. I. Comparison of the 
dose of kanamycin given in- 
traperitoneally with the con- 
centration of kanamycin in 
serum. Dots and X's indicate 
patients from the five and 
two minute lavage group. re- 
spectively. 


ysz1.35X * 9.65 


r«Q.55 
pz« 0.025 
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fluid at operation closely reflected the concomitant 
concentrations in the serum. The mean difference 
between paired samples was 0.2 ug/ml. There was 
no significant difference between paired gentamicin 
concentrations in serum and peritoneal fluid samples 
(paired Students t test, p > 0.5). Saline lavage lowered 
both serum and peritoneal fluid gentamicin concen- 
trations in the patient studied. 


Two minute lavage 


Fic. 2. Comparison of the 
concentrations of kanamycin 
in serum during two hours 
following kanamycin lavage 
in the five and two minute 
lavage groups. Brackets in- 
dicate + one standard de- 
viation. 
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Discussion cally, subclinical damage to renal or auditory function 


No effort has been made in this study to evaluate 
the efficacy of either parenteral or topical antibiotics 
in the prophylaxis of wound infections. 

The pattern of absorption of kanamycin after peri- 
toneal lavage is unpredictable. Although peak kanamy- 
cin concentration in serum did correlate directly with 
dose, some patients demonstrated rapid absorption 
with peak serum concentrations at 15 minutes: 
whereas, other patients demonstrated peaks at 75 
"minutes. In both the five and two minute lavage 
groups several patients had peak concentrations in 
serum greater than 20 ug/ml. 

These data are at variance with the study of 
Pissiotis et al." in which 500 mg of kanamycin 
in 20 ml of saline was administered postoperatively 
as a bolus into the peritoneal cavity. Peak serum con- 
centrations occurred at one hour. In the present study, 
in which a special effort was extended to expose the 
full surface of the peritoneum, the majority of peak 
concentrations occurred at 15 minutes. In those cases 
in which peak absorption occurred at 75 minutes, un- 
recognized pooling of the lavage solution probably 
Occurred. 

In the present study seven of 17 patients experienced 
peak serum kanamycin concentrations in the potentially 
toxic range. Kanamycin lavage has been used for years 
with practically no overt toxicity. There have been 
occasional reports of neurotoxicity* and respiratory 
depression,™!° which did not correlate with the amount 
of antibiotic or the route of administration.? Theoreti- 


might occur. However, even after prolonged therapy 
with aminoglycosides, renal lesions are generally 
reversible after discontinuation of the drug. Pharmaco- 
kinetic data indicate that kanamycin concentrations 
develop in endolymph and perilymph after the adminis- 
tration of a single parenteral dose. Most studies. 
however, stress the oto-toxic potential of prolonged 
therapy with aminoglycosides.? 

A major concern is a patient who has renal impair- 
ment or who suffers renal shutdown shortly after 
lavage. Potentially toxic concentrations of kanamycin in 
serum could persist and might cause toxicity. 


Co 
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Fic. 4. Comparison of paired concentrations of gentamicin in serum 
(e 9) and peritoneal fluid (& — — — 6) following intravenous 
administration of gentamicin. Numbers in parenthesis indicate pa- 
tient studied. 
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Kanamycin lavage might be entertained when other 
aminoglycosides are being administered parenterally. 
This situation should be avoided since the present 
data predicts that potentially toxic serum concentra- 
tion of aminoglycosides might occur after combined 
peritoneal and parenteral administration. 

If one subscribes to the use of parenterally adminis- 
tered antibiotics in the prevention of intraperitoneal 
infection, then the present pharmacokinetic data sup- 
ports this usage. Differences between gentamicin con- 
centrations in paired serum and peritoneal fluid 
samples averaged only 0.2 ug/ml. One precaution 
should be noted. Copious saline lavage will lower the 
serum and peritoneal fluid concentrations slightly. 
Since copious saline lavage is often used at closure, 
the prophylactic parenteral dose of aminoglycoside 
should be administered within one or two hours 
before closure to ensure adequate concentrations. 

If intraperitoneal lavage with kanamycin is used, 
then from the data in this study certain precautions 
can be recommended. To avoid potentially toxic con- 
centrations in serum, the total amount of kanamycin 
in the lavage solution should not exceed 1 g. The 
optimal amount of kanamycin may be less, but cannot 
be determined from these data. The duration of lavage 
should be short since lavage for two minutes pro- 
duced potentially toxic concentrations of kanamycin in 
serum. An effort should be made to recover the lavage 
solution by suctioning. If a patient has abnormal renal 
function or an unstable operative course such as hypo- 
tension or oliguria, then peritoneal lavage with kanamy- 
cin solutions should be avoided. 


N 
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repeated administration of dihydroco- 
deine, and it should be prescribed and 
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caution appropriate to the use of other 
yral narcotic-containing medications 
other narcotic-containing medico- 
dihydrocodeine is subject to the 
provisions of the Federal Controlled 
Substances Act. Usage in Ambulatory 
Patients: Dihydrocodeine and prometha- 
rine may impair the mental and/or physi- 
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prehension and reaction to pain, 
while the analgesic components 
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erately severe pain? 

Synalgos-DC contains dihydro- 
codeine, a semi-synthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
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As you know. skin and soft-tissue infections * including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses. .even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
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Eleven years after its introduction. Keflin continues to be 
effective against most strains of gram-positive and gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections * Therefore. when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function 

Keflin should be given cautiously to penicillin-sensitive 
patients. 

Itis contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 
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beta-hemolytic streptococci, Esch. coli, Pr. mirabilis. and Klebsiella 





Keflin: 
cephalothin sodium 
Neutral 

for Injection 


Brief Summary. 

Consult the package literature for 
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Indications: Keflin* (cephalothin sodium 
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treatment of serious infections Caused by 
susceptible strains of the designated micro 
organisms in the diseases listed below 

Skin and soft-tissue infections. including 

peritonitis, caused by staphylococci (peni 
cillinase and nonpenicillinase-producing) 
group A beta-hemolytic streptococci 
Escherichia coli, Proteus mirabilis. and 
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Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillIrase- producing 
Contraindication: Previous hypersensitivity 
to cephalosporins. 
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There is some evidence of partial cross 
allergenicity of the penicillins and the 
cephalosporins Severe anaphylactoid 
reactions have been reported with both drugs 

Patients with allergy and hyperser Sitivity 
Should receive antibiotics cautiously and 
only when necessary 

Usage in Pregnancy — Safety for use during 
pregnancy has not been established 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy If an allergic reaction occurs 
discontinue the drug and treat the patient with 
usual agents 

Although alteration in kidney function is 
rare. evaluation of renal status is recom 
mended Patients with impaired renal func 
ton should be placed on a reduced dosage 
schedule to prevent excessive serum con 
centrations Consult prescribing information 

If thrombophlebitis or superinfection 
occurs, take appropriate measures A false- 
positive reaction for glucose in the urine has 
been observed with some tests but not with 
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urticaria, pain, induration. tenderness. eleva 
tion of temperature. reactions resembling 
serum sickness. anaphylaxis. eosinophilia 
drug fever, neutropenia. thrombocytopenia 
hemolytic anemia. thrombophlebitis. transient 
rise in SGOT and alkaline phosphatase. rise 
in BUN. decreased creatinine clearance. and 
a positive direct Coombs test have been 
reported 
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` ` Abdominal Aortic Surgery in the Presence of a Horseshoe 


Kidney 


THOM E. LOBE, M.D., EDWARD W. MARTIN, JR., M.D., MARC COOPERMAN, M.D., JOHN VASKO, M.D, 


Prior experience with the rare combination of horseshoe kidney 
and significant atherosclerotic vascular disease suggests dif- 
ficulty in intraoperative management, often requiring division 
of the renal isthmus or sacrifice of some renal tissue. Seven 
patients have been managed successfully over the past ten years 
at The Ohio State University Hospital. There were six men and 
one woman, ranging in age from 39 to 66 years. Of the five 
patients with abdominal aortic aneurysm, four had a pulsatile 
abdominal mass, three had abdominal pain, and one had back 
pain. The other two patients had progressively symptomatic 
aortoiliac disease. All seven patients had hypertension, easily 
controlled by medication. Critical diagnostic procedures are 
preoperative intravenous pyelogram (IVP) and abdominal 
aortic arteriogram. The IVP detected the previously unsus- 
pected diagnosis in 100% of the cases. The arteriogram accu- 
rately located the aneurvsm in relation to the renal vascular 
supply, and disclosed aberrant blood supply in three of four 
patients with aberrant vessels. All seven horseshoe kidnevs 
were fused at the lower pole. The operative approach involves 
meticulous dissection of the aberrant blood supply to the 
kidneys, and mobilization of the isthmus for adequate retro- 
renal aortic exposure. In six of the seven patients, the grafts 
were placed posterior to the isthmus. There were no deaths, 
and there were no complications related to the presence of the 


" horseshoe kidney. In three of the seven patients, hypertension 


improved. Patients with horseshoe kidney and aortic disease 
may be safely operated upon without damage to the kidney. IVP 
and selective angiography are essential to provide preoperative 
information. 


HE COMBINATION OF horseshoe kidney and signifi- 
T cant atherosclerotic vascular disease is uncom- 
mon. Only 45 cases have been reported in the litera- 
ture.*7? In many of these cases, major intraoperative 
problems were encountered, and in several, attempts at 
surgical intervention for aortic disease were abandoned 
to avoid sacrifice of renal tissue. Many reports suggest 
division of the renal isthmus to facilitate exposure. 
Seven cases have been successfully managed over the 
past decade at The Ohio State University Hospitals. 
In no case was it necessary to abandon surgery or to 
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disrupt the integrity of the renal parenchyma. These 
cases comprise the largest single series reported. 


Case Reports 


Patient 1. A 62-year-old white man was admitted to The Ohio 
State University Hospitals with a two-year history of impotence 
and a one-year history of a pulsatile abdominal mass. Four months 
prior to admission, the patient experienced sudden onset of sharp. 
persistent right upper quadrant abdominal pain, radiating to the right 
costovertebral angle. associated with nausea, and unrelieved by 
medications. The patient was referred for evaluation of a possible 
abdominal aortic aneurysm and nephrolithiasis. Blood pressure was 
200/110 mm Hg. Abdominal examination demonstrated an 8 cm 
tender midepigastric pulsatile mass. Pulses were diminished below 
the popliteal arteries bilaterally. Laboratory studies showed 
urinalysis, BUN and creatinine to be normal. IVP demonstrated a 
horseshoe kidney. and abdominal aortogram demonstrated a 7 cm 
abdominal aortic aneurysm arising below the renal arteries, ending at 
the renal isthmus. At operation, an aneurysm of 8 cm was identified. 
A vein drained the lower pole of the right kidney anteriorly, directly 
into the vena cava at the level of the superior pole of the kidney (Fig. 
D. Two small arteries from the aneurysm, one to the lower pole of 
each kidney, were ligated and divided. The primary renal vessels 
arose normally above the aneurysm. The kidney tissue retained good 
color throughout the procedure. A 19 mm Dacron* prosthesis was 
anastomosed to the aorta above, passed beneath the isthmus of the 
kidney, and anastomosed to the iliac arteries inferiorly (Fig. 2). 
The patient's postoperative course was uneventful except for a 
short period of gram-negative septicemia which responded to 
therapy. 


Comment 

In this case, two small apparently insignificant arter- 
ies arising from the aneurysm were sacrificed. This was 
possible because the majority of the renal blood supply 
came from the two normally positioned renal arteries. 
The color of both lower pole kidneys remained good 
throughout the procedure. There was no need for resec- 
tion of ischemic tissue; and the patient did not have 
postoperative hypertension. 
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Patient 2. A 62-year-old white man was admitted to The Ohio 5tate 
University Hospitals complaining of intermittent claudication when 
walking rapidly and a three-month history of epigastric gnawing 
discomfort. His abdominal aortic aneurysm was discovered during 
a routine office examination one month prior to admission. Past 
history included duodenal ulcer disease with previous partial gastrec- 
tomy, an appendectomy, and adult onset diabetes mellitus controlled 
by Orinase. On examination, the patient had a 4 x 4 cm pulsatile 
abdominal mass and normal peripheral pulses. Urinalysis, BUN, and 
creatinine were normal. IVP demonstrated a horseshoe kidney or 
crossed fusion ectopia; and aortogram demonstrated an abdominal 
aneurysm below the renal arteries with no concomitant vascular 
anomalies. At operation the aneurysm appeared to be bilobed, with 
asmaller dilatation superior to the renal isthmus between the two half- 
kidneys and a larger dilatation below the isthmus. No inferior mesen- 
teric artery was identified, but no other vascular abnormalities were 
noted. The renal isthmus was dissected free of the aneurysm and 
retracted upward. The aneurysm was resected, and a 19 mm Dacron 
bifurcation prosthesis was sutured into place posterior to the isthmus 
of the kidney. The patient had an uneventful postoperative course. 


Patient 3. A 39-year-old white man was admitted to The Ohio State 
University Hospitals for evaluation of epigastric. back, and right 
flank pain, which began following an automobile accident four 
months prior to admission. Evaluation at a referring hospital included 
an IVP demonstrating a horseshoe kidney and abdominal calcification 
consistent with an abdominal aortic aneurysm. Examination 
disclosed a right upper quadrant pulsatile mass. Laboratory studies, 
including urinalysis, BUN, and creatinine, were within normal 
limits. IVP demonstrated a horseshoe kidney. Aortography 
demonstrated an abdominal aortic aneurysm with renal blood supply 
including a main right and left renal artery with a large branch of the 
left renal artery supplying the lower pole of the right kidney (Fig. 3). 
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e At operation, a large horseshoe kidney with vascular supply as de- 
scribed was identified. The aorta was 3 cm in diameter with marked 
atherosclerosis involving the anterior wall under the renal isthmus. A 

* 13mm Dacron tube graft was placed posterior to the retracted kidney 
(Fig. 4). The patient had an uneventful postoperative course. 


Comment 


This is the youngest person reported with the com- 
bination of a horseshoe kidney and atherosclerotic 
vascular disease. It appears that the atherosclerotic 
disease in this patient was limited to that portion of the 
aorta directly posterior to the renal isthmus. The 
sequence of arterial wall trauma against the renal 
isthmus and the subsequent development of atheroscle- 
rosis has been previously suggested by us.’ 
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Patient 4. A 60-year-old white man was admitted to The Ohio State 
University Hospitals with a several-month history of right leg claudi- 
cation of increasing severity. Past history included the discovery 
of a horseshoe kidney at the time of a prior left iliac bypass for oc- 
clusive disease. Abdominal examination identified a mildly tender 
4 X 4 cm ventral hernia. Peripheral pulses were absent on the right, 
and the posterior tibial pulse was diminished on the left. Urinalysis, 
BUN, and creatinine were normal. Aortic arteriogram demon- 
strated severe aortoiliofemoral occlusive disease bilaterally with no 
flow through the previously placed graft. At operation, a horseshoe 
kidney with a small isthmus was identified. The blood supply to the 
lower pole of the kidneys came from the two arteries arising 1.5— 
2 inches proximal to the bifurcation (Fig. 5). The kidney was very 
adherent to adjacent structures. A 16 mm woven graft was sutured 
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end-to-side into the aorta above the renal isthmus, passed anterior 
to the kidney, and anastomosed to the femoral arteries bilaterally 
(Fig. 6). Following the procedure, the patient had palpable dorsalis 
pedis pulses bilaterally and had an uneventful postoperative course. 


Comment 


Owing to the nature of the tissue reaction from the 
previous operation, complete dissection of the renal 
isthmus was not carried out in this case. Because the 
isthmus was small, a more proximal anastomosis could 
be completed with ease. This was the only case in 
which the aortic graft was placed anterior to the kidney, 
and there were no complications. 


Patient 5. A 66-year-old white man was admitted to The Ohio State 
University Hospitals with a six-month history of abdominal pain of 
increasing severity, and back pain occurring with strenuous activity. 
He complained of easy fatigability in his lower extremities. Past 
history included dyspnea on exertion and chronic obstructive pul- 
monary disease. The patient's blood pressure was 148/100 mm Hg. 
His abdomen contained a tender 9 cm pulsatile mass, and peripheral 
pulses were present but diminished below the popliteal arteries 
bilaterally. Laboratory studies including urinalysis, BUN, and 
creatinine were within normal limits. IVP showed a horseshoe kidney. 
FIG. 4. Aortogram identified the horseshoe kidney with the lower pole renal 
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artery arising from the left iliac artery. The left upper pole renal artery 
arose from the aorta above the aneurysm and was stenotic. The right 
renal artery originated with the superior mesenteric artery above the 
aneurysm. At operation, three large vessels were discovered to originate 
posterior to a wide renal isthmus, and entered the kidney isthmus at 
the level of the aortic bifurcation. The renal arteries above the aneu- 
rysm were of small caliber (Fig. 7). A 22 mm knitted Dacron tube 
prosthesis was placed posterior to the isthmus, and a button of aorta 
containing the origin of the three aberrant renal vessels was sutured 
to the graft (Fig. 8). The patient had a postoperative urinary tract 
infection, but his postoperative course was otherwise uncomplicated. 


Comment 


This patient had sizable aberrant renal vessels 
arising from the aneurysm. These vessels may be 
removed with a cuff of aortic or aneurysm wall, and 
sutured into the vascular prosthesis. There was no 
evidence of renal ischemia following this maneuver. 


Patient 6. A 61-year-old white man was admitted to The Ohio State 
University Hospitals with a three to four-year history of right leg 
claudication of increasing severity. Past history included adult onset 
diabetes mellitus, hypertension, a myocardial infarction, and a cere- 
brovascular accident. The patient's blood pressure was 190/98 mm 
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Hg, peripheral pulses were absent below the femoral artery on the . 


left. and below a diminished popliteal pulse on the right. Urinalysis 
was normal: Bun 22 mg/100 ml; and creatinine 4.4 mg/100 ml. IVP 
identified a horseshoe kidney. Abdominal aortogram showed a , 
horseshoe kidney with right aortoiliac disease and left femoral ather- 
osclerosis. At operation, the left renal artery was observed to arise 
from the left iliac artery. The right renal artery originated from the 
aorta, just proximal to the bifurcation (Fig. 9). After careful dissec- 
tion a 22 mm knitted Dacron prosthesis was anastomosed from the 
aorta proximally to the femoral arteries distally (Fig. 10). Postopera- 
tively, the patient’s blood pressure returned to normal, and he was 
discharged without complications. 


Patient 7. A 63-year-old white woman was admitted to The Ohio 
State University Hospitals with a diagnosis of abdominal aortic aneu- 
rysm, made several months earlier by physical examination. She 
complained of progressive claudication but gave no history of abdom- 
inal or back pain. Her blood pressure was 140/108 mm Hg. In her 
abdomen was a nontender 6 x 8cm periumbilical pulsatile mass, and 
she had no peripheral pulses below the femoral arteries bilaterally. 
Laboratory studies including urinalysis, BUN, and creatinine were 
within normal limits. IVP showed evidence of a horseshore kidney. 
Abdominal aortogram and bilateral femoral arteriogram showed dif- 
fuse aortoiliofemoral disease without evidence of an aneurysm. At 
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eperation, we observed a very large horseshoe kidney, the isthmus 
of which lay directly over the most diseased segment ofthe aorta. No 
other vascular abnormalities were noted. The kidney was well 
mobilized, and a proximal end-to-end aortic anastomosis was per- 
formed under the renal isthmus without difficulty. Bilateral femoral 
anastomoses were then carried out. The patient had an uncompli- 
cated postoperative course. 


Comment 


Once again, atherosclerosis was observed to be iso- 
lated to that segment of aorta directly posterior to the 
renal isthmus. 


General Comments 


Since 1966, seven patients admitted because of signs 
and symptoms of abdominal aortic aneurysms or arte- 
riosclerosis obliterans were discovered to have an 
associated horseshoe kidney. Ages ranged from 39 to 
66 years; all were Caucasian; and six were males. Of 
the five patients with abdominal aortic aneurysms, four 
had a pulsatile mass; three had abdominal pain; and 
one had back pain. The other two patients had progres- 
sively symptomatic aortoiliac disease. All seven pa- 


ji 
W 


My 


| 


à y i 


L] 


N 


jh 


f 
(BÀ 


ae 


RAN 


)) 
I 


y) 
72 


Fic. 8. 





ABDOMINAL AORTIC SURGERY 75 


MI 


| M 
S) | 





Fic. 9. 


tients had hypertension which was easily controlled 
with medication. 

Preoperative evaluation included urinalysis, blood 
urea nitrogen, and serum creatinine, which were 
normal in all but one patient with diffuse atherosclerotic 
vascular disease. Three patients were known to have 
the renal anomaly prior to admission, and preoperative 
intravenous pyelogram suggested the diagnosis in all 
cases. 


The abdominal aortogram located the aortic disease 
in all cases, and disclosed aberrant blood supply in 
three ofthe four patients in whom aberrant vessels were 
found at operation. 

All patients underwent laparotomy. The horseshoe 
kidney was fused at the lower pole in each case. Aber- 
rant renal vessels included: 1) those from the immediate 
retroisthmus aorta to the renal isthmus; 2) major renal 
vessels from the iliac arteries; 3) vessels from the left 
main renal artery to the right lower pole kidney; 4) main 
renal vessels arising from the aorta just proximal to the 
bifurcation; and 5) small lower pole vessels arising from 
the aorta just proximal to the bifurcation. 
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In no case was identification of the ureters a problem. 
The two ureters uniformly originated ventrally, each 
from an individual pelvis associated with one half of the 
horseshoe kidney. The ureters then passed anterior to 
the isthmus and crossed anterolateral or lateral to the 
diseased segment of aorta. 


Operative Approach 


At operation, an arterial line to monitor the blood 
pressure and a Foley catheter to monitor urinary output 
are inserted. A nasogastric tube is used to decompress 
the stomach, and the patient is placed in a slight Tren- 
delenburg position to aid natural retraction of the small 
intestines. A xyphoid-to-pubis midline abdominal inci- 
sion is made, and the small intestines are retracted up- 
ward and to the right. Alternatively, the right colon may 
be mobilized to expose the retroperitoneal structures. 
The peritoneum is incised and reflected to expose the 
horseshoe kidney overlying the diseased aorta. After 
accomplishing proximal exposure of the aorta, meticu- 
lous blunt and sharp dissection is used to identify the 
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ureters and the anomalous blood supply to the kidney? 
Dissection should be carried out so that the isthmus of 
the kidney may be retracted upward and anteriorly, free 
from the underlying great vessels and surrounding 
tissue (Fig. 11). Care is taken not to injure those aber- 
rant renal vessels which may arise from the retroisth- 
mus aorta. After complete mobilization of the kidney 
and its blood supply, the distal aorta and iliac vessels 
should be exposed. The inferior mesenteric artery may 
be identified, ligated, and divided at this time if indi- 
cated. The graft is then preclotted, heparin is injected 
into the aorta, and the proximal aorta is cross-clamped. 

For aneurysms, a linear aortotomy is performed and 
the mural thrombus extracted. Bleeding from the lum- 
bar arteris is controlled with suture ligatures. 

Aberrant vessels arising from the aorta or an aneu- 
rysm dilatation may be removed with a surrounding 
button of aortic wall to be sutured into the aortic graft. 
Alternatively, small vessels may be sacrificed in the 
presence of other major renal blood supply; however, 
the effect of this maneuver is not predictable and isch- 
emic renal parenchyma may result, necessitating sub- 
sequent resection of part of the kidney. The graft may 
then be passed posteriorly to the renal isthmus and 
sutured proximally to the prepared aorta. In the 
absence of aneurysmal disease, the graft is sutured to a 
ventrally placed linear aortotomy in a relatively 
disease-free segment of aorta. If a button of aorta con- 
taining the origin of aberrant renal vessels is to be used, 
it should be sutured in place at this point. The distal 
anastomosis may then be completed. When flushing the 
graft, care should be taken to prevent embolization to 
the newly-implanted renal vessels. 

Attempt is made to cover the aorta graft; however, 
because of extensive dissection, it may not be possible 
in come cases. The viscera are then returned to the ab- 
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domen, and the wound is closed. The patient may then 
be managed as any patient having had aortic surgery. 

There were no deaths in this series and no post- 
operative problems related to the presence of the 
horseshoe kidney. Postoperative arteriograms demon- 
strated maintenance of renal blood flow and function. 
Three of the patients showed postoperative improve- 
ment of their hypertension. 


Discussion 


The first abdominal aortic aneurysm with an as- 
sociated horseshoe kidney was reported by Julian in 
1956.'? Two patients had aneurysms declared unresect- 
able at operation because the renal blood supply arose 
from the diseases aortic segment. The first resection of 
an abdominal aortic aneurysm with an associated 
horseshoe kidney was described by Phelan et al. in 
1957.5 The isthmus was mobile, and there was no 
need for division of the isthmus or sacrifice of renal 
tissue. Dahlen and Schlumberger, in 1957, were the 
first to divide a horseshoe kidney at the isthmus 
in order to resect the underlying aneurysm, but their 
patient did not survive. In 1963, Wilder? reported the 
first successful division of a horseshoe kidney at the 
isthmus in order to resect an abdominal aortic 
aneurysm. Mannick et al.'® In 1964, reported the first 
successful resection of a ruptured abdominal aortic 
aneurysm with an associated horseshoe kidney after 
mobilization of the renal isthmus. Lynn and Bruce, in 
1965, reported resection of an aneurysm after partial 
resection of the associated horseshoe kidney. And, 
Bietz and Merendino,* in an extensive review of the 
subject published in 1975, discussed the possibility of 
autotransplantation in apparently otherwise inoperable 
disease. 

The incidence of horseshoe kidney has been reported 
as one in 385, or an incidence of 1800 individuals.*:!? 
Ninety per cent of these are fused at the lower pole. 
Eisendrath et al." reported that 80% of horseshoe 
kidneys have multiple anomalous arteries and veins: 
the number of arteries may vary from one to ten. 
The more common arterial distributions included: 1) a 
single vessel to each half of the kidney; 2) a single 
vessel to each half of the kidney and one to the isthmus: 
3) Two vessels to each half of the kidney and two to 
the isthmus; 4) multiple renal vessels to all portions of 
the anomalous kidney. Major anomalous vessels may 
arise from any portion of the aorta, the aneurysm, 
an iliac artery, or the inferior mesenteric artery. Also 
associated with the horseshoe kidney may be an 
anomalous urinary collecting system, and anomalous 
venous drainage with abnormally thin-walled veins. 
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Minkin and Rob" previously stipulated that aneurysm 
resectability in these cases requires that at least one 
renal vessel originate proximal to the diseased segment 
of aorta. However, Ellis et al.* demonstrated success- 
ful transplantation of major renal vessels into vascular 
grafts with preservation of satisfactory renal function. 

Minkin and Rob," as well as several other authors, 
suggest division of the renal isthmus when mobiliza- 
tion of this structure proves difficult; but the risk of a 
urinary fistula near the vascular prosthesis makes this 
maneuver highly undesirable. 

Preoperative evaluation of patients suspected of hav- 
ing atherosclerotic aortic disease should include an 
intravenous pyelogram. This gives the surgeon valu- 
able information about gross renal function and the 
course of ureters, as well as the distribution of func- 
tional renal tissue. Intravenous pyelogram demon- 
strated renal abnormalities in 100% of the patients in 
this series. Once a renal abnormality is suspected, 
arteriograms are obtained to identify all structures of 
the vascular supply to the anomalous kidney. Lateral 
films should be included to identify those vessels 
originating from the aorta immediately subjacent to the 
renal isthmus. Rarely, following these studies, there 
remains some question as to the anatomic details. 
In these instances, renal scanning may provide es- 
sential information.! 

Once the anatomic structures are clearly defined, 
appropriate surgery may be planned. In this ser- 
ies, there was no indication for resection of the 
renal isthmus. It is highly likely that in most such 
cases the kidney can be mobilized adequately if a 
meticulous and thorough dissection is carried out. 
Such dissection carried no increased morbidity or 
mortality, as demonstrated by our results. 

Cases in which there are no main renal arteries, but 
instead, multiple small renal vessels, may be inoper- 
able. Autotransplantation in the presence of multiple 
small renal arteris and veins would seem to be a 
formidable technical task, unlikely to succeed. Renal 
allografts might be considered in these patients 
depending on the age and general condition. 

There is no mention in earlier literature of the 
etiologic implications of the isolation of atherosclero- 
tic vascular disease to that portion of the aortic wall 
subjacent to the renal isthmus. If this relationship 
were more than coincidental, one would expect to see 
far more cases of the combined disease than have 
been reported to date. 
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Femoropopliteal Vein Grafts for Claudication Analysis 


of 100 Consecutive Cases 


ALI NAJI, M.D., CLYDE F. BARKER, M.D., HENRY D. BERKOWITZ, M.D., JENNIFER CHU, M.D., BROOKE ROBERTS, M.D. 


One hundred consecutive femoropopliteal venous grafts in 85 
patients with claudication were followed for five years. At this 


time, three limbs had been amputated, approximately one quarter 


of the patients had expired, and 70% of the grafts in surviving 
patients remained patent. It is concluded that this operation 
does not appear to increase the risk of amputation and in fact, 
may lessen it. Moreover, it is associated with minimal risk 
and generally provides long term relief of claudication, thus 


enhancing the quality of life in most patients. 

ESPITE ONE-QUARTER Of a century of cumulative 
D experience with reconstructive procedures on the 
femoropopliteal arterial system, there still remains a 
profound lack of agreement as to the indications for 
the procedure. After Kunlin'® described the use of re- 
versed saphenous vein grafts to bypass chronic oc- 
clusion of the superficial femoral artery, the use of this 
procedure was generally restricted to those patients in 
whom amputation was imminent because of rest pain, 
ischemic lesions, or frank gangrene. The results of this 
type surgery were often gratifying in relieving pain and 
preventing amputation. As experience was gained, the 


..,. indications for this operation were liberalized by many 


surgeons to include claudication, especially if it inter- 
fered with the patient's occupation. While this appears 
to be a reasonable approach if good results may be 
expected, some surgeons still feel that the long term 
results do not justify this operation for simple claudica- 
tion. We have considered surgery for claudication 
to be an effective and safe procedure at the Hospital of 
the University of Pennsylvania and undertook the fol- 
lowing review to see if our continued use of bypass 
grafts for simple claudication is justified. 


Clinical Material 


One hundred consecutive reversed femoral popliteal 
venous bypass grafts, all done for claudication alone, 
were reviewed. These cases extended from January, 
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1963 to June, 1971 and all patients were thus followed 
for a minimum of five years. The patients in this group 
had had little or no improvement with nonoperative 
management, and were seriously bothered by their in- 
ability to walk far. These 100 consecutive grafts were 
performed on 85 patients.Fifteen patients had bilateral 
operations but none simultaneously. All bypass opera- 
tions done in this hospital were included, and thus 
this report represents the results of private and service 
patients and of staff and resident surgeons. This series 
does not include any graft inserted distal to the popliteal 
artery or grafts done for aneurysms. 

The determination of patency of the grafts was pri- 
marily clinical, i.e., the presence of a pulse distal to the 
graft and/or symptomatic improvement in walking ability. 
Occasionally arteriography was used if warranted. Dur- 
ing this same period an additional 225 femoropopliteal 
vein grafts for limb salvage were performed, thus sur- 
gery for claudication represented 30% of the femo- 
ropopliteal venous bypasses done in this hospital. 


Age and Sex 


The age of the patients at the time of the operation 
and their sex is given in Table 1. Over three-quarters 
of the patients were in their sixth or seventh decade. 
The ratio of male to female was nearly six to one and 
94% of these operations were done for white patients. 


Associated Disease 


There were 20 known diabetics in the group of 85. 
Other associated diseases in these patients were common, 
particularly cardiovascular disease. Most patients ex- 
hibited some other evidence of vascular disease as can 
be seen in Table 2. Of the 100 operations (36%) were 
done for patients with known cardiac disease and five 
patients had had a previous stroke. Nineteen opera- 
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TABLE 1. Age and Sex Distribution of 100 Consecutive 
Femoropopliteal Vein Grafts for Claudication 


No. of 
Age — Years Operations Female Male 

30—39 3 l 2 
40-49 11 2 9 
50-59 37 2 35 
60—69 41 10 31 
70-79 8 0 8 

Total 100 15 85 





tions were on patients with a significant degree of pul- 
monary insufficiency, usually of a chronic obstructive 
type and associated with heavy smoking. 


Smoking 


The smoking habits of the patients were recorded in 
the charts of only 65 patients. Sixty-two of the 65 were 
smokers. 


Arteriography 


Preoperative arteriography was used routinely. The 
quality of runoff was recorded as good or excellent if 
the popliteal artery was patent and two or three vessels 
were patent distal to the patent popliteal. Of the 100 
operations, 85 were in limbs having good or excellent 
runoff and 15 were judged to have fair or poor run-off. 
Among the 22 diabetic limbs 18 had good or excellent 
and four had fair or poor runoff whereas in the nondia- 
betic limbs, the corresponding numbers were 67 and 11. 

Since all patients in this series were operated upon 
more than five years ago, our results can be expressed 
as actual findings five years after surgery. Four patients 
in the group were lost to followup with patent grafts 
when last seen, and an additional patient was lost after 
he was known to have occluded his graft. 


Results 
Mortality 


There was no operative mortality. Twenty-one of the 
remaining 80 patients died within five years of their 
operation, mainly from cardiac disease. Thus, at the 
end of five years, there were 59 (74%) patients alive. 
The mortality rate in diabetics was 37% compared to 
23% in nondiabetics. It was interesting and somewhat 
surprising that the mortality rates were essentially the 
same in patients with good and bad runoff, Table 3. 


Graft patency 


The graft patency rate was calculated by the life 
table method'® as shown in Table 4 and indicates a 
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five year cumulative patency rate of 68.5%. The actual. 
patency of the grafts among the 59 surviving patients 
was 70% (30/71). The presence of diabetes did not ap- 
pear to effect this patency but poor runoff was asso- 
ciated with a lower patency (55%) in the nine surviv- 
ing patients. 


Limb Survival 


In the five year period following these operations, 
three limbs eventually were lost. The amputations were 
done at one and one-half, two and five vears following 
grafting and all were preceded by occlusion of the graft 
in patients who continued to smoke. The amputations 
done at one and one-half and two years were both in 
patients with cardiac disease and fair to poor run-off at 
the time of the operation. One of these patients was 
diabetic. The third patient whose leg was amputated 
five vears later, was not diabetic but hypertensive, and 
had good run-off at the time of operation. 


Discussion 


Although this series is incomplete with regard to the 
history of the use of tobacco, it would appear that it 
adds further weight to the evidence that there is a major 
connection between the use of tobacco and the de- 
velopment of peripheral vascular disease. We feel a sur- 
geon may be justified in refusing to operate for claudica- 
tion if the patient refuses to discontinue the use of 
tobacco? although we have not yet taken this position. 
However, we strongly advocate the discontinuance of 
smoking. for it is the major factor in the etiology of 


peripheral vascular disease over which patients have 


complete control. 

We have long been convinced that an autogenous 
vein graft is the best presently available material for 
reconstructive procedures on the femoropopliteal sys- 
tem and have used it in preference to endarterectomy 
or other grafts. When truly no suitable autogenous vein 
is available, we have "fallen back" and used these 
other methods, but rarely in patients with claudication 
alone. 

Our typical procedure takes about two-three hours 
in time and results in approximately 100—200 cc blood 
loss. It can easily be done under general or regional 


TABLE 2. Profile of Associated Diseases (100 Cases) 


No. of Operations 


Diabetes 22 
Hypertension 30 
Heart Disease 36 
Cerebrovascular (pressure stroke) 5 
Pulmonary Insufficiency 19 
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TABLE 3. Factors Influencing Results in 100 Consecutive Vein Grafts for Claudication 


CŘ ŘS 


Five Year 
Patients Five Year Patency Rate 
No. of Lost to Mortality Among 
Patients Follow-up (%) Survivors 


——_— See 


Diabetes Mellitus 


Absent 65 78* 

Present 20.22" 
Out-Flow Tract: 

Good— Excellent 70 85* 


Fair — Poor 15 15* 


4 
l 


4 
l 


14/61 (23%) 40/57 (70%) 
7/19 (37%) 10/14 (70%) 
16/66 (24%) 45/62 (72%) 
5/14 (35%) 5/9 (72%) 


— ŘŘ— LLL. 


* Indicates number of grafts. 


anesthesia and is tolerated well even by the elderly. 
Patients are allowed out of bed the evening of opera- 
tion, and we have started small doses of heparin on the 
following day as prophylaxis against thrombophlebitis. 
Broad spectrum antibiotics have been given prophy- 
lactically with the preoperative medication and con- 
tinued for three days. 

In the past, there has been a strong tendency to 
gather together all cases of femoropopliteal reconstruc- 
tion, whatever the indication, when reporting them? *^? 
and, from these results, judgments were made with re- 
gard to the likelihood of grafts remaining open or of 
actual harm being precipitated by the operation. All au- 
thors have found, however, that their results tend to be 
better in those patients who have the least diseased 
arterial tree and, one should anticipate better results in 
patients with simple claudication than in those whose 
limbs are threatened. Despite this fact, there are vascular 
surgeons of high quality and experience who feel the 
long term results in claudication do not warrant operat- 
ing on these patients and advise against it, whereas 
others are equally convinced of the value and propriety 
of such operations. It is for this reason that we went 
back over our cases to see what in fact have been our 
long-term results in such patients. 


In determining the propriety or impropriety of any 
operation, one obviously must examine not only the 
good but also the poor effects of the procedure. When 
we look at our postoperative results at five years and 
find more than two-thirds of the grafts patent and func- 
tioning in the surviving patients, it seems clear that 
these patients have had a more enjoyable life and for 
them the operation was worthwhile. What, however, 
are the possible ill effects in the remaining patients or 
in those who died? As can be seen in Table 3, there 
was no operative mortality in these patients. Such a 
result, no doubt involved an element of luck, but cer- 
tainly the risk of an operative death appears to be very 
low in this procedure and operative risk is not a major 
argument against operation. The same has been the 
experience of others. Since the risk to life is minimal, 
what chance is there of making the limb worse? In no 
case in this series was an amputation immediately pre- 
cipitated by the operation. It is, of course, impossible 
to know exactly what would have happened to these 
100 claudicating limbs had operation not been carried 
out, but we have some indication from reported ex- 
perience. Table 5 summarizes several reports of claudica- 
tors who were not treated surgically but followed, and 
from these reports, we may gather some indications of 


TABLE 4. Life Table Analysis of 100 Consecutive Femoropopliteal Vein Grafts for Claudication 


EEE 


No. not observed 
throughout interval 


due to 
Grafts Grafts Grafts Lost to Interval Cumulative 

Interval at Risk Patent Failing Death Follow-up Patency Rate Patency Rate 
Se 
0-30 days 100 97 3 0 0 97 97 
3 mos. 93 89 4 2 2 95.6 92.7 
6 mos. 88 86 2 l 0 98.8 90.6 
12 mos 84 80 4 | l 95.2 86.3 
18 mos 79 76 3 l 0 96.2 83.1 
24 mos i 74 l l 0 98.2 81.9 
30 mos 74 74 0 0 0 100 81.9 
3 years 70 68 2 3 l 97.2 79.5 
4 years 62 59 3 6 0 95.2 272.9 
5 years 55 50 5 4 0 91.1 68.5 


82 NAJI AND OTHERS 


TABLE 5. Amputation Rate of Intermittent 
Claudicators — Untreated 








Per Year Five Years 

(%) (%) 

C. Rob (Br. Med. J., 1960) 1.46 7.3 

A. M. Boyd (Proc. R. Soc. 1962) 1.4 7.0 
C. Newton Peabody, et al: (Arch. 

Surg. 1974) 0.52 2.6 

A. M. Imparato, et al. (Surgery 1975) 2.3 11,5 

F. McAllister (Am. J. Surg.) 1976 1.4 7.0 

Average 1.4 7.8 





the ‘‘natural history’’ of the condition. Most authors 
find that about 1.4% of claudicating limbs per year come 
to amputation, or 7% within five years, with a higher 
rate among diabetics. The lowest reported rate is that of 
Peabody, et al.'? in the Framingham study, which gives 
a rate of 0.5% yearly or 2.5% at five years and, the 
highest rate was found by Imparato, et al." with an 
annual rate of 2.3%, or approximately 1146 at five years. 
At the end of five years, our amputation rate was 3% 
with none precipitated by operation. It would appear, 
therefore, that we have not increased the likelihood of 
amputation by such operations and may in fact have 
reduced it by about one half. 

We are then left with the group of patients whose 
grafts occluded early or late and who survived. If a 
graft thromboses, the thrombus may be more extensive 
than the original occlusion and thus the circulation may 
be worse than before operation but this fortunately 
has not been common in our experience. Certainly, we 
have not seen more amputations than one would have 
anticipated without operation, and claudication when it 
returns is usually about as it was before. On the basis 
of these results, we feel that our previous belief that 
these operations may be indicated for simple claudica- 
tion is justified, and we will continue to advise its use 
in appropriate patients. 

We also wish to point out that the average opera- 
tion in this series was done more than eight years ago 
(et al. minimum of five years in 1976) and, hopefully, 
our technique is better at this time, and present day 
results might, therefore, be even better. Certainly, we 
are now using smaller suture material (6—0 prolene) 
and today we almost never start a graft from the super- 
ficial femoral artery, which we occasionally did before, 
with less satisfactory long term results. Likewise, we 
are also more apt to run our grafts below the level of 
the knee joint now than we were previously. All of 
these technical factors may add up to give slightly im- 
proved future results. In addition, we are now able to 
follow our grafts more precisely by means of nonin- 
vasive studies and, hopefully will pick up those grafts 
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or anastomoses which are showing progressive narrow- 
ing before occlusion occurs and at a time when reopera- 
tion is most likely to be beneficial. In this series, it is, 
noteworthy that 10 grafts occluded between three and 
five years and some of these occlusions might well have 
been prevented by reoperation. Arteriography on a rou- 
tine basis would clearly be the best method of detection 
in this regard but our patients as a group are less than 
enthusiastic about such a routine. 

It is not surprising that 26% of our patients (21 or 80) 
died within five years of operation and in most of these 
patients (79%) the grafts were patent at death. Cer- 
tainly, in these patients too their life postoperative was 
more enjoyable than it would have been without the 
operation. Our diabetic patients, as expected, had a 
considerably poorer life expectancy than the nondia- 
betics, but similar to other reports! we did not find a 
significantly increased rate of graft failure among these 
patients. We do not feel the presence of this disease, 
therefore, should preclude this operation in a claudicator. 
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drowsiness and 1 of dizziness. In the dextropro- 
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toms with orally administered Talwin. Patients with a history of 
drug dependence should be under close supervision while 
receiving Talwin orally. 


In prescribing Talwin for chronic use, the physician should take 
precautions to avoid increases in dose by the patient and to 
prevent the use of the drug in anticipation of pain rather than 
for the relief of pain. 


Head Injury and Increased Intracranial Pressure. Talwin may 
elevate cerebrospinal fluid pressure. This may be markedly exag- 
gerated in the presence of head injury, intracranial lesions and a 
preexisting increase in intracranial pressure. Talwin may obscure 
the clinical course of patients with head injuries. Talwin should 
be used with extreme caution in such patients and only if its use 
is deemed essential. 


Usage in Pregnancy. Safe use of Talwin during pregnancy (other 
than labor) has not been established. Although no teratogenic or 
embryotoxic effects have been reported in animais, Talwin HCI 
should be administered to pregnant patients (other than labor) 
only when potential benefits outweigh possible hazards; and 
cautiously in labor of women delivering prematurely. 


Acute CNS Manifestations. In therapeutic dosage, rarely, tran- 
sient hallucinations (usually visual), disorientation, and confusion 
may occur. Observe such patients carefully and check vital signs. 
Use caution if the drug is reinstituted since the acute CNS mani- 
festations may recur. 


Usage in Chilaren. Not presently recommended under 12. 


Ambulatory Patients. Since sedation, dizziness, and occasional 
euphoria have been noted, ambulatory patients should be 


warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 


Precautions 

Oral Talwin has been rarely reported to cause respiratory depres- 
sion. It should be used with caution in patients with respiratory 
depression, severely limited respiratory reserve, bronchospasm, 
cyanosis, renal or hepatic dysfunction. Caution should also be 
used with patients prone to convulsive disorders and those about 
to undergo biliary surgery. As with other strong analgesics, use 
with caution in patients with myocardial infarction who have 
nausea or vomiting. Patients previously given narcotics, includ- 
ing methadone, may experience withdrawal symptoms after 
receiving Talwin. 


Adverse Reactions 

Reactions reported after oral administration of Talwin include 
gastrointestinal: nausea, vomiting; infrequently constipation; and 
rarely abdominal distress, anorexia, diarrhea. CNS effects: dizzi- 
ness, lightheadedness, sedation, euphoria, headache; infrequent- 
ly weakness, disturbed dreams, insomnia, syncope, visual blurring 
and focusing difficulty, hallucinations; and rarely tremor, irrita- 
bility, excitement, tinnitus. Autonomic: sweating; infrequently 
flushing; and rarely chills. A/lergic: infrequently rash; and rarely 
urticaria, edema of the face. Cardiovascular: infrequently de- 
crease in blood pressure, tachycardia. Hematologic: rarely de- 
pression of white blood cells (especially granulocytes), which is 
usually reversible, moderate transient eosinophilia. Other: rarely 
respiratory depression, urinary retention, paresthesia, toxic 
epidermal necrolysis. 


Dosage and Administration 

Adults: The usual initial adult dose is 1 tablet (50 mg.) every three 
or four hours. This may be increased to 2 tablets (100 mg.) when 
needed. Total daily dosage should not exceed 600 mg. Tolerance 
is rare. Abrupt discontinuance following chronic use has rarely 
caused withdrawal symptoms. 


Overdosage 

Oxygen, parenteral naloxone, intravenous fluids, vasopressors, assisted 
or controlled ventilation, and other supportive measures should 
beemployedasindicated. Talwinisnotsubjectto narcotic controls. 
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: Every day, healthy people 
. leave the hospital- 


*Ross, S. et al.: JAMA 229: 1075 (Aug. 19) 1974. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


Combined Prostaphlin® (oxacillin sodium) 
Capsule and Oral Solution (11) PROSTAPHLIN 9/11/75 


For complete information, consult Official Package 
Circular 
Indications: Although the principal indication for oxacillin 
sodium is in the treatment of infections due to penicilli- 
nase-producing staphylococci, it may be used to initiate 
therapy in such patients in whom a staphylococcal infec- 
tion is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative or- 
ganisms and their sensitivity to oxacillin sodium should 
be performed. 
Important Note: When it is judged necessary that treat- 
ment be initiated before definitive culture and sensitivity 
results are known, the choice of oxacillin sodium should 
take into consideration the fact that it has been shown to 
be effective only in the treatment of infections caused by 
pneumococci, Group A beta-hemolytic streptococci and 
penicillin G-resistant and penicillin G-sensitive 
Staphylococci. If the bacteriology report later indicates 
the infection is due to an organism other than a penicillir 
G-resistant staphylococcus sensitive to oxacillin sodium 
the physician is advised to continue therapy with a drug 
other than oxacillin sodium or any other penicillinase- 
resistant semisynthetic penicillin 

Recent studies have reported that the percentage of 
staphylococcal isolates resistant to penicillin G outside 
the hospital is increasing, approximating the high per- 
centage of resistant staphylococcal isolates found in the 
hospital. For this reason, it is recommended that a 
penicillinase-resistant penicillin be used as initia therapy 
for any suspected staphylococcal infection until culture 
and sensitivity results are known 

Oxacillin sodium is a compound that acts through a 
mechanism similar to that of methicillin against penicillin 
G-resistant staphylococci. Strains of Staphylococci resis- 
tant to methicillin have existed in nature and it is known 
that the number of these strains reported has been in- 
creasing. Such strains of staphylococci have been ca- 
pable of producing serious disease, in some instances 
resulting in fatality. Because of this, there is concern that 
widespread use of the penicillinase-resistant penicillins 
may result in the appearance of an increasing number of 


carrying resistant staph. 


staphylococcal strains which are resistant to these 
penicillins. 

Methicillin-resistant strains are almost always resistant 
to all other penicillinase-resistant penicillins (cross- 
resistance with cephalosporin derivatives also occurs 
frequently). Resistance to any penicillinase-resistant 
penicillin should be interpreted as evidence of clinical 
resistance to all, in spite of the fact that minor variations 
In in vitro sensitivity may be encountered when more 
than one penicillinase-resistant penicillin is tested against 
the same strain of staphylococcus 
Contraindications: A previous hypersensitivity reaction 
to any penicillin is a contraindication 
Warning: Serious and occasionally fatal hypersensitivity 
(anaphylactoid) reactions have been reported in patients 
on penicillin therapy. Although anaphylaxis is more fre- 
quent following parenteral therapy it has occurred in pa- 
tients on oral penicillins. These reactions are more apt to 
occur in individuals with a history of sensitivity to multiple 
allergens 

There have been well documented reports of individu- 
als with a history of penicillin hypersensitivity reactions 
who have experienced severe hy persensitivity reactions 
when treated with a cephalosporin. Before therapy with a 
penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins, 
cephalosporins, and other allergens. If an allergic reac- 
tion occurs, the drug should be discontinued and the pa- 
tient treated with the usual agents e.g., pressor amines 
antihistamines and corticosteroids 
Precautions: Penicillin should be used with caution in 
individuals with histories of significant allergies and/or 
asthma 

The possibility of bacterial and/or fungal overgrowth 
should be kept in mind during long-term therapy. If over- 
growth of resistant organisms occurs, appropriate mea- 
sures should be taken 

As with any potent drug, periodic assessment of organ 
System function, including renal, hepatic, and 
hematopoietic, should be made during long-term 
therapy 

Experience in premature and newborn infants is lim- 
ited. Caution should be exercised in administration of the 
drug to such patients and frequent evaluation of organ 
system function is recommended 


staph 











Safety for use in pregnancy has not been established 
Adverse Reactions: The hypersensitivity reactions re- 
ported are skin rashes, urticaria, serum sickness and 
anaphylactic reactions. Oral lesions such as glossitis an 
stomatitis have been reported. Fever, eosinophilia, oral 
and rectal moniliasis have also been reported Hemolytit 
anemia, transient neutropenia with evidence of granulo- 
cytopenia or thrombocytopenia, neuropathy, and neph- 
rotoxicity (oliguria, albuminuria, hematuria, pyuria, and/c 
cylindruria) are infrequent and usually associated with 
high doses of parenteral penicillin 

In some newborns and infants receiving high doses o 
oxacillin sodium (150 to 175 mg./Kg./day), transient 
hematuria, albuminuria, and azotemia have been encoun- 
tered. Although the causal relationship is not entirely 
Clear, infants and newborns treated with high doses of 
the drug should be observed closely for signs of renal 
impairment 

One patient developed granulocytopenia while receiv 
ing intravenous oxacillin sodium and vancomycin. The 
blood count returned to normal after both drugs were 
discontinued. Another patient was reported to have 
leukopenia during intravenous therapy with oxaci 
sodium. These counts were made while the patient was 
moribund. Thrombophlebitis has occurred in a small per 
centage of patients after intravenous therapy 
Usual Oral Dosage: Adults: 250 to 500 mg. q.4h. or 
q.6h. Children: 12.5 mg./Kg./q.6h. Administer on empty 
stomach for maximum absorption 
Usual Parenteral Dosage: Adults: 250 to 500 mg. q.4f 
or q.6h. Children: 12.5 mg./Kg./q.6h. Children weighing 
40 Kg. or more should receive the adult dose 

N INFECTIONS CAUSED BY GROUP A BETA- 
HEMOLYTIC STREPTOCOCC! SHOULD BE TREATED 
FOR AT LEAST 10 DAYS TO HELP PREVENT THE OC 
CURRENCE OF ACUTE RHEUMATIC FEVER OR ACUTE 
GLOMERULONEPHRITIS 
Supplied: Capsules—250 and 500 ma. in bottles of 48 
and 100. Injectable—250 mg., 500 mg., 1 Gm., 2 Gm 
and 4 Gm. dry filled vials for IM/IV use. For Oral Solution 
—100 ml. bottles, 250 mg./5 ml. when reconstituted 

A.H.F.S. Category 8:12.1 
| BRISTOL LABORATORIES 


BRISTOL | Division of Bristol-Myers Cc 
Syracuse, New York 13201 


rave reviews” 
for an intraperitoneal 


irrigation agent? 


“We were satisfied that kanamycin was not 
only safe, but also effective in improving 
survival in the presence of peritoneal con- 
tamination. wise Nelson, J.L., etal.: Symposium on Surgical In- 


fections and Antibiotics, Surg. Clin. of N.A. 
55:6, pages 1391-1395, (December) 1975. 


“Kanamycin has been employed in 128 
patients at the time of operation for intra- 
peritoneal contamination of various types. 
There has been no evidence of toxicity 


from this use of kanamycin.” 
— Cohn, I., Jr., and Cotlar, A.M.: Ann. Surg. 155:532 (Apr.) 1962. 


“Wider usage of intraperitoneal kanam ycin 
is advocated when intraperitoneal antibi- 
otic therapy is indicated. ”- Cohn, I., Jr. and Cotlar 


.M.: Ann. Surg. 155:532 
(Apr.) 1962. 


“immediate operative use of intraperi- 
toneal antibiotic treatment has lowered 
the incidence of complications and mor- 


tality by 42%,” Clowes,G.H.A.:Forum on Peritonitis, Mod. 
Med.40:153 (Apr. 17) 1972. 


...our choice at the operating table is kana- 


; ," 
mycin... — Clowes, G.H.A.: Forum on Peritonitis, Mod. Med. 
40:153 (Apr. 17) 1972. 


“Intraperitoneal kanamycin therapy is 
strongly advocated for any patient with 


e oar, I 
peritonitis. — DiVicenti, F.C., and Cohn, |., Jr.: Am. Journ. 
Surg. 111:1, pages 147-153, (June) 1965. 


“In peritonitis, intraperitoneal administra- 


tion of kanamycin can be recommended...” 
— Pissiotis, C.A., etal.: Surg. Gynecol. Obstet. 134:995 (June) 1972. 
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SULFATE 
quantity 
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- BRIEF SUMMARY OF PRESCRIBING INFORMATION 


Combined Kantrex® Injection 

and Pediatric Injection 

(kanamycin sulfate injection) 

(13) 2/28/78 

Forcompleteinformation, consult OfficialPackage Circular 
WARNING: 

The major toxic effect of parenterally administered kana- 
mycin sulfate is its action on the auditory portion of the 
eighth nerve. High frequency deafness usually occurs 
first and can be detected by audiometric testing. Tinnitus 
or p may occur and are evidence of vestibular in- 
Jury and impending bilateral irreversible deafness. 


In patients with impaired kidney function, the risk of 
severe ototoxic reactions and permanent deafness is 
Sharply increased. In such cases, the daily dosage should 
be reduced and the interval between doses lengthened. 
If there is evidence of progressive renal dysfunction 
(increasing NPN, BUN, creatinine or oliguria) during 
therapy, audiometric tests are advised and discontinua- 
tion of the drug should be considered. 


Older patients and patients receiving a total dose of more 
than 15 Gm. of kanamycin sulfate should be carefully 
observed for signs of eighth nerve damage 


Infants and children generally tolerate the drug well; and 
when the recommended precautions are followed, the 
incidence of toxic reactions is low 


Neuromuscular paralysis with respiratory depression 
may occur when kanamycin sulfate is administered intra- 
peritoneally eed with anesthesia and muscle- 
relaxing drugs. Although there have been isolated reports 
of respiratory depression following intraperitoneal in- 
stillation of kanamycin, there is no conclusive proof that 
this side effect can be produced with recommended 
doses of the drug 


The concurrent systemic use of other ototoxic and/or 
nephrotoxic drugs, particularly streptomycin, polymyxin 
B, polymyxin E (colistin), neomycin, gentamicin, and 
viomycin should be avoided 


The administration of kanamycin sulfate and rapid acting 
diuretic agents, e.g. ethacrynic acid, furosemide, meral- 
luride sodium, sodium mercaptomerin, and mannitol 
(particularly when the diuretic is given intravenously) 
may Cause irreversible deafness. Concurrent use of these 
agents should be avoided. (See "Adverse Reactions") 


Usage in Pregnancy 

Safety of this drug in human pregnancy has not been 
established 

CONTRAINDICATIONS: 

A history of hypersensitivity to the drug. Prior auditory 
damage by kanamycin or other potentially ototoxic agents 
may be a contraindication if effective. alternative therapy 
iS available 

THIS DRUG IS NOT INDICATED IN LONG-TERM THER- 
APY (e.g. Tuberculosis) BECAUSE OF THE OTOTOXIC 
HAZARD WITH EXTENDED ADMINISTRATION 

WARNING: 

See "Warning" box above 

PRECAUTIONS: 

Obtain audiograms before and during therapy in patients 
with renal dysfunction when treatment lasts more than 5 
days. Stop Kantrex if tinnitus or hearing loss occurs. 
Hydrate patients to prevent chemical irritation of the 
renal tubules. Assess renal function periodically, both 
before and during therapy. If signs of renal irritation 
occur (casts, cells, proteinuria), increase hydration and 
reduce the dosage or the frequency of dosage if neces- 
sary. In azotemic patients, the frequency (in hours) of 
doses may be obtained by multiplying the serum cre- 
atinine by 9. If azotemia or oliguria occurs, discontinue 
therapy. Mycotic or bacterial superinfection may occur 


ADVERSE REACTIONS: 

Nephrotoxicity — albuminuria, presence of white and red 
cells, granular casts, azotemia and oliguria have been 
reported. 

Ototoxicity — see box warning 


Irritation or pain at the injection site, skin rash, drug 
fever, headache and paresthesias 


DOSAGE AND ADMINISTRATION: 

The usual dose is 7.5 mg./Kg./12 hours I.M. or I.V. The 
average adult dose is 1 Gm. daily. The maximum adult 
total daily dose should not exceed 1.5 Gm. by all routes 
of administration and the total amount administered 
should not exceed 15 Gm 


The intravenous route is used only if intramuscular ad- 
ministration is not feasible. The 500 mg. dose is added 
to the 200 ml. of sterile diluent and administered 60 to 
80 drips/minute 
When used as intraperitoneal instillation, the above dose 
is diluted in 20 ml. of sterile diluent. If possible, in- 
stillaton should be postponed until after patient is fully 
recovered from effects of anesthesia and muscle-relaxing 
drugs 
As aerosol treatment, 250 mg. of Kantrex is diluted with 
3 ml. of physiological saline and nebulize 
Kantrex Injection in concentrations of 0.25 per cent (2.5 
mg./ml.) has been used satisfactorily as an irrigating 
solution in abscess cavities, pleural spaces, peritoneal 
and ventricular cavities 
SUPPLIED: 
Rubber capped vials as a ready-to-use sterile aqueous 
solution in two concentrations: 
KANTREX INJECTION (kanamycin sulfate injection) 

NDC 0015-3502-20 — 500 mg. per 2 ml. 

NDC 0015-3502-24 M i-es Syringe (500 mg. per 

ml.) 


NDC 0015-3503-20 — 1.0 Gm. per 3 ml 
KANTREX PEDIATRIC INJECTION (kanamycin sulfate in- 
jection) 

NDC 0015-3512-20—75 mg. per 2 mi. 
(activity assayed as kanamycin base) 
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ATLAS OF APPLIED 
VASCULAR SURGERY 


By KIYOSHI INOKUCHI, M.D., 
and AKIRA KUSABA, M.D. 





Here is a unique and timely atlas text describing 
the wide variety of diseases and lesions that have 
been successfully treated through vascular anas- 
tomoses performed with a new stapling instrument 
Originated and perfected by Dr. Inokuchi. 


The extensive experiences of the authors with ves- 
sel suturing equipment have extended the use of 
these instruments beyond the repair and recon- 
struction of vessels, to other areas of surgery. For 
example, use of the Inokuchi stapling instrument 
has made possible the free transplantation of intes- 
tine as a reconstruction of the cervical esophagus. 


A highlight of the book is a discussion of the many 
problems and difficulties which arise in portacaval 
shunt for portal hypertension. The authors have 
realized success in this operation and describe a 
new technique—left gastric venous-caval shunt. 


This highly descriptive book contains details on 
the design of the Inokuchi vascular stapler and 
Step-by-step instructions on its use and applica- 
tions. Many of the operations performed utilizing 
the device are discussed, describing the 
techniques used and giving case histories. 


198 pages / 301 illustrations, including 68 photographs. 
11 in color / 21 Tables / 1975 / $57.00. 





Lippincott 


J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


Please send me: 
O ATLAS OF APPLIED 
VASCULAR SURGERY ................! $57.00 


Name 
Address 
o a: eae I. 








Payment enclosed 


Charge and bill me 
Save postage & handling 


Plus postage & handling 


Also available at your medical bookstore AS 7/78 
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 ]ternatives in needles 


Why now? 

Because of new leadership to enhance 
our proven skills. Renewed emphasis 
on new product development. And ad- 
ded resources available to us from 
Howmedica. Result? An accelerated 
commitment to meet your needs bet- 
ter than ever before. With logical al- 
ternatives. In exclusive needles — 
such as the All-Purpose ‘K’ Needle? . 
In quality sutures — such as time- 
tested silk, preferred for over 50 years, 
unique Tevdek®, and Polydek®. And 
in new cost-containment programs to 
help control the level of spending in 
your OR. 


Needle exclusivity, time-tested suture 
quality, cost-containment.. .all 
good reasons to make Deknatel your 
logical alternative in wound manage- 
ment. And there are others. Why not 
let your Deknatel sales representative 
help you select the product alterna- 
tives most logical for your surgery? 





Alternatives in cost 
> 


the logical alternative 
in wound management 
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Queens Village, New York 11429 
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Announcing 





thrombus prevention 





without 


anticoagulation. 


NEW 

After extensive trials, RHEOMACRODEX® 
(dextran 40) is now the only dextran indicated 
for the prevention of postoperative venous 
thrombosis and pulmonary embolism in the 
high-risk patient. 


NEEDED 

Deep venous thrombosis and pulmonary 
embolism are among the most serious com- 
plications of surgery and trauma. Postoperative 
thromboembolic disease may strike up to 54% 
of surgical patients, especially those undergoing 
hip surgery! Pulmonary embolism alone may 
account for 200,000 deaths in the United States 
annually? 


PROVED 


Dramatically reduces the incidence of 
postoperative thromboembolic disease. 


Percent of Patients 
Developing Postoperative 
Thromboembolic Disease 

Control Group 
Hip Arthroplasty* 3996 
Orthopedic Surgery$ 20%* 
General Surgery® 10% 
Gynecologic Surgery’ T96t 


High-Risk 
Operative Category 


* Diagnosed as definite disease. An additional 11% of controls and 
5% of Rheomacrodex patients were diagnosed as having possible 
thromboembolic disease 


TFigures pertain only to patients with pulmonary emboli 





Hheomacrodex Group 





SAFE, CONVENIENT USE 

Used as directed, RHEOMACRODEX has an 
impressive record of patient safety, and does 
not usually provoke excessive bleeding, as may 
anticoagulants. As with all drugs, the physician 
should familiarize himself with all the infor- 
mation required to use the drug safely (see 
prescribing information). 


DOSAGE 
* Choose according to risk of thromboembolic 
complications 


* Initiate during surgery 

* R; Day of operation: 500 to 1,000 ml 
Postop. days 1-3: 500 ml/day 
Postop. days 4-14: 500 ml every 2 or 3 days 


IN YOUR NEXT HIGH-RISK PATIENT, 

RHEOMACRODEX CAN 

¢ Smooth your patient's surgical and post- 
operative course 


* Heduce the incidence of deep venous 
thrombosis and pulmonary embolism 


* Heduce platelet adhesiveness 
e Eliminate anticoagulation 


e) Pharmacia 


Rheomacrodex 


(dextran 40) 
THE RISK REDUCER. 


An artist's conception of a venous thrombus principally composed 


of fibrin, platelets (visible at center right) and erythrocytes. A leukocyte 


appears at center left. Proportions are not to scale 


See following page for prescribing information. 


Rheomacrodex’ (dextran 40) 


Indications 

Rheomacrodex is indicated for use in prophy'axis therapy against venous throm- 
bosis and pulmonary embolism in patients undergoing procedures known to be 
associated with a high incidence of thromboembolic complications, such as 

hip surgery 


Contraindications 

Known hypersensitivity to dextran Marked hemostatic defects of all types (throm 
bocytopenia, hypofibrinogenemia, etc.), including those caused by drugs 
(heparin, warfarin, etc.). Marked cardiac decompensation Renal disease with 
severe oliguria or anuria 


Warnings 

Although infrequent, severe and fatal anaphylactoid reactions, consisting of 
marked hypotension, and/or cardiac and respiratory arrest have been reported 
Therefore, it is strongly recommended that patients be observed closely during 
the early part of the infusion period 


As Rheomacrodex (dextran 40) is a colloid hypertonic solution, it will attract water 
from the extravascular space. This fluid shift should be considered when the drug 
is administered intravenously to poorly hydrated patients 


Renal excretion of dextran produces an elevation in urine viscosity and specific 
gravity proportional to the urine dextran concentration If signs of dehydration are 
noted, additional fluids should be administered 


Renal failure. sometimes irreversible, has been reported to occur following the use 
of Rheomacrodex. While the preexisting clinical condition of these patients could 
account for their oliguria and/or anuria it is possible that the administration of 
Rheomacrodex may have contributed to their development 


Occasional abnormal fenal and hepatic function values have been reported fol- 
lowing intravenous administration of RHheomacrodex 


Caution should be employed when Rheomacrodex is administered to patients 
with active hemorrhage as the resulting increase in perfusion pressure and im- 
proved microcirculatory flow may result in additional blood loss 


Administering infusions of Rheomacrodex that exceed the recommended dose 
should be avoided, since a dose-related increase in the incidence of wound 
hematoma, wcund seroma, wound bleeding. distant bleeding (hematuria and 
melena), and pulmonary edema has been observed Recommended doses 
should never be exceeded in patients with advanced renal disease, since exces 
sive doses may precipitate renal failure 


Usage in Pregnancy: Safe use of Rneomacrodex has not been established with 
respect to adverse effect on fetal development. Therefore, it should not be used in 
early pregnancy or in women of childbearing age unless in the judgment of the 
physician the potential benefits outweigh the possible hazards 


Precautions 

In individuals with normal hemostasis, dosages of Rhe »macrodex up to 15 ml/kg 
body weight produce variable, usually small changes ^ coagulation. At these 
dosages, slight decreases in platelet adhesiveness occur, and decreases in fi 
brinogen, factor V and factor IX are usually only slightly greater than might be 
expected from hemodilution alone Although dosages in this range markedly 
decrease factor VIII, they generally do not prolong bleeding time significantly 
Since changes in coagulation and hemostasis tend to be more pronounced fol- 
lowing trauma or major surgery. all patients should be observed for early signs of 
bleeding complications. Some of the changes induced by dextran may be 
reversed by infusion of factor VIII concentrate 


Care should be taken to prevent a depression of the hematocrit below 30 vol. 9 


In patients who have received Rheomacrodex, blood sugar determinations that 
employ high concentrations of acid may result in hydrolysis of dextran, yielding 
falsely elevated glucose assay results. Blood typing and cross matching proce- 
dures employing enzyme techniques may give unreliable readings if the samples 
are taken after infusion of Rheomacrodex. Other blood typing and cross matching 
procedures are not aftected 

It is recommended, therefore, that, whenever possible, blood samples for the 
above determinations be drawn prior to initiating infusion of RHheomacrodex 


Adverse Reactions 
Since Rheomacrodex (dextran 40) has a very low degree of branching, it is rela 
tively free of antigenic effect. Hypersensitivity reactions have, however, been 
reported with Rheomacrodex. These can range from mild cutaneous eruptions to 
generalized urticaria, nausea. vomiting, headache. fever, tightness of the chest 
wheezing and, rarely, to anaphylactoid (allergic) shock Since such reactions usu- 
ally develop in the first few minutes following initiation of therapy, patients should 
be observed during the initial infusion. If any of the above adverse symptoms 
appear. the infusion snould be stopped immediately 
Dosage and Administration 
Prophylactic Therapy of Venous Thrombosis and Thromboembolism 
The dosage of Rneomacrodex should be chosen according to the risk of throm- 
boembolic complications, e.g.. type of surgery and duration of immobilization. In 
general, treatment with Rheomacrodex should be initiated during surgery. 500 to 
1000 m! (approximately 10 ml/kg body weight) should be administered on the day 
of the operation. Treatment should be continued at a dose of 500 m! daily for an 
additional two to three days. Thereafter, and according to the risk of complica 
tions. 500 m! Rheomacrodex may be administered every second or third day dur- 
ing the period of risk, for up to two weeks 
How Supplied 
Rheomacrodex (dextran 40) is available as a sterile. nonpyrogenic solution In 
500 ml infusion bottles, six bottles per case, and is available as 
Rheomacrodex 10% w/v in normal saline NDC No 0016-0211-65 
Rheomacrodex 10% w/v in Dextrose 5% in Water NDC No. 0016-0212-65 
Rheomacrodex has a tendency to crystalize when subjected to temperature varia- 
tions or when stored for long periods at elevated temperatures. Storage should 
therefore be at a constant temperature, preferably not exceeding 25°C (77°F) If 
flakes of dextran are present, heat at 100°-110°C until complete dissolution is 
achieved 
Keep from cold during transport 
Caution Federal law prohibits dispensing without prescription 
For complete details including dosage please see full prescribing information 
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Incidence of Anatomical Variants in Renal Vasculature 


in the Presence of Normal Renal Function 


LYNN H. HARRISON, JR., M.D., M. WAYNE FLYE, M.D., H. F. SEIGLER, M.D. 


This report defines the incidence of variations in the renal 
vascular pedicle in a group of patients with normal renal func- 
tion as determined by standard laboratory criteria. The study 
group consisted of 166 patients undergoing renal arteriography 
as potential renal allograft donors. Ninety-seven patients were 
male and 69 were female. Ages ranged from 18—54 vears, 
median age being 37 vears. All patients underwent preliminary 
screening tests including blood chemistries, creatinine clearance, 
urinalysis, culture and excretory urography. If these studies 
were normal, renal arteriography was performed utilizing a 
flush aortogram and, in 20% of cases, selective renal arteriog- 
raphy. The most common anomaly was the presence of mul- 
tiple renal arteries supplying the same kidney, occurring in 
32% of cases. Prehilar segmental branching was the second 
most common variation, occurring in 17% of patients. Other 
variations included fetal lobulation (4%), significant stenosis 
at origin of the renal artery (2%), fibromuscular dysplasia 
(2%), microaneurysms (0.5%), true aneurysms (1%) and drom- 
edary hump (0.5%). Less than one-half of the patients dem- 
onstrated the simplest vascular pedicle, namely, single artery 
and vein bilaterally. The incidence of anatomical variations in 
the renal vascular pedicle is greater than attributed to normal 
subjects in previous reports. Anomalies determine the choice of 
" kidney in renal allografting and may disqualify a potential 
donor, even in the face of ostensibly normal renal function. 
Routine arteriography should be considered a standard pre- 
requisite in the evaluation of potential living related renal donors. 

NOWLEDGE CONCERNING THE VARIATIONS in renal 
K vascular anatomy have assumed increased impor- 
tance as renal transplantation, renovascular hyperten- 
sion, vascular reconstruction for both congenital and 
acquired lesions, and reconstructive surgery for abdom- 
inal aortic aneurysms have become more commonplace 
in clinical surgical practice. Numerous reports have 
appeared in the literature describing variations in renal 
vascular anatomy.' ^19! An awareness of the incidence 
of these variants in the general population is necessary 
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for adequate surgical management in the aforementioned 
specialties. Reports by Hunter as early as the 18th cen- 
tury indicated that no interarterial anastomoses arose 
in the kidney. Early anatomical studies suggested that 
the dorsal and ventral halves of the kidney were com- 
pletely separate entities in regard to their arterial supply; 
however, more recent studies have indicated that a 
dorsoventral arrangement is more common with a single 
renal artery orginating from the aorta and that cranio- 
caudad distribution is more commonplace when two or 
more primary renal arteries originate from the aorta. 
Hegedüs ? report on 138 patients revealed that 120 kid- 
neys were supplied by single renal arteries and 47 were 
fed by two arteries, three having triple arteries with 
separate origins from the aorta. Multiple renal veins 
are rare on the left side while approximately 30% of 
the time multiple veins are present on the right side. 
Numerous anastomoses are present on the venous side 
and therefore nondominant renal pedicle veins may be 
sacrificed.'? In an anatomical and radiological study 
designed specifically to assess suitability of kidneys 
for renal transplantation, Ross et al. reported that in 34 
cadavers evaluated only one-half were deemed ideally 
suitable for transplantation and that if the kidney on 
one side was not usable the contralateral kidney had 
similar variations making it also unsuitable. Because 
of advances in ex vivo preservation and microvascular 
techniques, most of the technical problems associated 
with renal allografting have been surmounted. Insuf- 
ficient information has previously been available cor- 
relating renal anatomy with renal function. The purpose 
of this study is to define the incidence and scope of 
variations in renal pedicle anatomy in a population shown 
by standard laboratory criteria to have normal renal 
function, and thereby assess the role of routine arterio- 
graphy in the preoperative evaluation of renal donors. 
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TABLE |. Screening Studies Preceding Arteriography 


Screening blood chemistries (SMA-18) 
Complete blood count and smear, including RBC indices 
Urinalysis 
Urine Culture 
Electrocardiogram 
PA and lateral chest x-ray 
VDRL 
2 hour post prandial plasma glucose 
(in patients with a family history of diabetes mellitus, a formal 
5 hour GTT with 100 grams glucose was carried out) 
Creatinine clearance x 2 
Intravenous pyelogram 
Urology consultation 
Psychiatry consultation 
Female Patients Only: 
Urinary chorionic gonadotrophin 
Pap smear 





Materials and Methods 


One hundred sixty-six potential renal allograft donors 
underwent renal arteriography at Duke University Med- 
ical Center and the Durham Veterans Administration 
Hospital between June, 1965 and July, 1976. Of these, 
97 were male and 69 were female. Ages ranged from 
18—54 years, median age being 37 years. Prior to ar- 
teriography, each potential donor passed a series of 
laboratory, urologic and psychiatric examinations de- 
signed to identify unsuitable candidates (Table 1). Be- 
fore undergoing arteriography each candidate demon- 
strated not only normal renal function but also absence 
of major organ system disease by standard screening 
tests. 

Arteriography was performed by the Vascular Radio- 
logy Division, using standard radiologic techniques. In 
each case, a flush abdominal aortogr:.m was performed. 
In approximately 2096 of the cases, elective injections 
were performed to clarify a renal vascular anomaly or 
to demonstrate a previously unsuspected lesion. There 
was no significant morbidity associated with the pro- 
cedure, as evidenced by the fact that loss of pulse or 
clinically significant hematoma did not occur in any of 
the patients studied. The arteriographic findings were 
reviewed independently by one ofthe authors and com- 
pared with the written interpretation of the vascular 
radiologist. In the event of a significant difference in 
interpretation, consultation with the vascular radio- 
logist was obtained. In two instances arteriography was 
inadequate for satisfactory interpretation and these cases 
were excluded from the series. Both of these involved 
use of a ring catheter technique which was quickly 
abandoned. 


Results 


The results of arteriography in this series are sum- 
marized in Table 2. It is apparent that the "normal" ar- 
rangement of arterial distribution, i.e., single renal ar- 


Ann. Surg. e July 1978 
* 


teries bilaterally, occurred in less than one-half of the 
patients studied (46%). 


Normal Arteriograms 


Hilar segmental branching. Forty-seven male pa- 
tients and 29 female patients for a total of 76 repre- 
senting 46% of the series demonstrated single renal 
arteries bilaterally with normal hilar segmental branch- 
ing. The arteriograms revealed that most of these pa- 
tients had anatomy consistent with dorsoventral ar- 
terial distribution. All of the kidneys in the category 
were ideally suited for renal transplantation. Fifty-three 
of the 164 patients (32%) exhibited multiple renal ar- 
teries with separate aortic origins, and in eight of these 
the finding was bilateral (5%). 

Double renal arteries. Fifty patients had double renal 
arteries as distinguished by arteriography. In the male 
population there were 14 incidences of double renal 
arteries on the left, 12 on the right and four were bi- 
lateral. Nine of the female patients had left-sided double 
renal arteries while ten demonstrated right sided double 
arteries and again four were bilateral. The bilateral 
renal arteries varied from nearly equal size as depicted 
in Figures 1 and 2 to a 3:1 proximal vessel size ratio 
as depicted in Figure 3. The smaller branch can supply 
as little as 1-10% of the renal parenchyma thus repre- 
senting a true polar artery and may have its origin at a 
great distance from the main renal artery. The bilateral 
double renal arteries seen in this series varied from 7:3 
ostial diameter to a 3:2 diameter as seen in Figures 
4 and 5. The operative management of double renal 
arteries with size differences ranging from 3:1 up to 
those of nearly equal size include spatulation and sutur- * 
ing together of the proximal arteries to form a single 


TABLE 2. Summary of Arteriographic Findings 








Male Female Total % Total 
Normal Arteriogram: 
Hilar Segmental Branching 47 29 76 46 
Multiple Renal Arteries 
from Separate Origins 
(Right) 14 9 23 32 
(Left) 12 10 2 
(Bilateral) 4 4 8 
Prehilar Segmental Branching 17 11 23 17 
Stenosis of Renal Artery at 
Origin I 2 3 2 
Fetal Lobulation 4 3 7 4 
Unusual Disparity in Size 
(72 cm) l l 2 1.2 
Fibromuscular Dysplasia l 2 3 2 
Microaneurysms I 0 1 0.5 
Dromedary Hump 0 i | 0.5 
True Aneurysm l l 2 I 
Lipogranulomatosis i 0 1 0.5 
Multiple Findings 4 2 6 3.5 
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vessel which are then anastomosed end-to-end to the 
internal iliac artery, and these are usually suitable for 
transplantation purposes. The smaller diameter vessels 
are usually anastomosed end-to-end to a branch of the 
internal iliac artery or end-to-side to either a venous 
patch or to the external iliac artery. In some instances, 
it may be necessary to suture the small vessel end-to-side 
to the larger renal artery. In no instance was any other- 
wise normal kidney in the present series not usable be- 
cause of small vessel caliber. 

Triple renal arteries. Three patients had triple renal 
arteries. Two were on the left side with a single vessel 
on the right and in one case the multiple arteries were 
right-sided with a normal single vessel on the left. Fig- 
ure 6 is representative of triple renal arteries on the 
left with the upper two branches being of nearly equal 
sıze and the lower branch having a widely separated 
origin and smaller diameter. 

Pre-hilar segmental branching. Seventeen male pa- 
tients and 11 female patients had prehilar segmental 
branching for an incidence of 17%; however, in each 
case careful donor nephrectomy permitted a single end- 
to-end arterial anastomosis and technically successful 
engraftment. 

Fetal lobulation . Four male patients and three female 
patients (4%) had persistent fetal lobulation and there 
was one instance of dromedary hump. 

Exaggerated size difference. An unusual disparity 
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Fic. 1. Double renal arteries on left side of nearly equal size. 
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Fic. 2. Double renal arteries on left side with approximately equal 
diameters. 


in size (greater than 2 cm) was seen in one female and one 
male patient even though split renal funcation studies re- 
vealed negative cultures and normal function bilaterally. 


Abnormal Arteriograms 


Renal artery stenosis. The fact that only one male 
patient and two female patients had significant stenosis 
of the renal artery at its origin most certainly can be 
explained by the fact that the patients were very care- 
fully screened utilizing the aforementioned medical eval- 
uations prior to their being subjected to arteriography. 
In all three cases the renal artery was suitable for anas- 
tomosis at the post-stenotic level. Thus, renal artery 
stenosis does not necessarily preclude utilization for 
transplantation. 

Microaneurysms. One male patient demonstrated 
multiple microaneurysms of the renal artery anatomy 
and this finding is depicted in Figure 7. 

Renal artery aneurysms. One male and one female 
patient were diagnosed as having true renal artery an- 
eurysms. As can be seen in Figures 8 and 9, neither of 
these were calcified renal artery aneurysms. The an- 
eurysm in Figure 8 was in the intrarenal position and 
this kidney was utilized for transplantation. The an- 
eurysm seen in Figure 9 could have been repaired after 
nephrectomy while the kidney was being preserved on 
the pulsatile perfusion apparatus and could easily 
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Fic. 5. Bilateral double arteries are outlined showing a 3:2 ostial 


; ; l ; : diameter. Arrow indicates inferior pole artery on left. 
Fic. 3. Double renal arteries on left side revealing endostial dis- à : P y 


parity at a ratio of approximately 3:1 between superior and inferior 
vessels respectively. and 11 did have some degree of narrowing. None of 


these cases was selected for transplantation. Four male 
and two female patients demonstrated multiple findings 


have been used for transplantation. The donor in this MEN 
p for an overall incidence of 3.5%. Interestingly, the 


instance declined operation. 

Fibromuscular dysplasia. Three patients demon- 
strated fibromuscular dysplasia for an overall incidence 
of 2%. The one male patient had non-obstructive 
lesions while two female patients shown in Figures 10 








Fic. 6. Triple renal vessels are shown on the left side with the two , 
Fic. 4. Bilateral double renal arteries are present with ostial diameter superior renal arteries being of nearly equal size while the inferior 
ratio of 7:3. artery has a widely separate origin and smaller ostial diameter 
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presence of proximal renal artery stenosis, microan- 
eurysms, and even fibromuscular dysplasia went un- 
detected by complete medical evaluation but was readily 
demonstrated by arteriography. 

There was no significant difference in either the male 
or female subgroups regarding the incidence of anomalies 
on the left vs. the right side. Although there was a 
tendency suggesting a slight increase in the total in- 
cidence of anomalies in the female population (46 ab- 
normal findings in 69 female patients vs. 60 abnormal 
findings in 95 male patients), the numbers were insuf- 
ficient to demonstrate a significant difference for any 
given abnormality. The incidence of fetal lobulation, 
dromedary hump and unusual disparity in kidney size 
is within the range of previously reported series. 


Discussion 


The simplest form of renal vascular pedicle anatomy 
consists of two vessels on each side: a single artery 
and a single vein supplying each kidney. Variations 
from this anatomy are far more common than previously 
thought and are present in approximately one-half of 
the patients carefully evaluated. Multiple renal veins 
are rare on the left side occurring in only approximately 
1% of the patients while they are common on the right 
side at a frequency of over 25%.'° The anastomosing 
pattern of the venous anatomy in the kidney permits 
interruption of nondominant renal veins with impunity. 





Fic. 7. Multiple microaneurysms of the renal arterial anatomy are 
depicted in this arteriogram. 
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Fic. 8. A noncalcified true aneurysm is shown in the intra-renal 
portion of this arteriogram. 


u 





Such is not the case in renal arterial anatomy. No intra- 
renal arterial anastomoses are present and thus each ar- 
tery supplying the kidney represents an end artery and 
interruption of such usually is followed by infarction 
of that segment of the renal parenchyma. Thus, the 
surgeon must consider reconstruction of each of the 
arteries in the renal vascular pedicle and must perfuse 
each vessel if complete and long-term organ preserva- 
tion is being considered. A thorough and in-depth knowl- 
edge of the variations in renal pedicle anatomy is a 
basic requirement for surgeons involved with the sur- 
gical management of portal hypertension, obstructive 
and congenital vascular anomalies of the aorta and its 
major tributaries as well as repair and replacement of 
major abdominal aortic aneurysms. Many aortic an- 
eurysms involve either the main renal artery or a sec- 
ond or third renal artery with close or widely separate 
point of origin. Definition of this anatomy prior to opera- 
tion could prevent an unnecessary loss of renal func- 
tion in the postoperative period. Revascularization pro- 
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Fic. 9. A saccular aneurysm is shown arising from the superior 
arterial branch after the renal artery has trifurcated. The aneurysm 
is in a hilar position and extraparenchymal. 


Fic. 11. Fibromuscular dysplasia of the main renal arteries is shown 
bilaterally with multiple narrowed segments. 


cedures for the management of renovascular hyperten- 
sion also require complete demonstration of the renal 
vascular pedicle anatomy coupled with an appreciation 
of the possibilities for restoring normal flow and pres- 





Fic. 10. Typical fibromuscular dysplasia with some degree of narrow- 
ing is present bilaterally. 


sure to the renal parenchyma. Multiple obstructive lesions 
and renal artery aneurysms can now be managed with 
greater success by utilizing either in vivo or ex vivo 
perfusion. Reports in the literature utilizing perfusion 
techniques have been very encouraging.?* Many such 
lesions were heretofore felt to be beyond the range of 
surgical repair. 


Previous reports have stressed variations in the renaf"* ^ 


vascular pedicle, and its significance to urologic sur- 
geons and renal transplant surgeons.!??7*79.!! These 
studies. however, have reviewed autopsy or anatomical 
dissection findings in unselected patients in which pre- 
mortem clinical and laboratory information was either 
not available or not considered. Radiographic series 
have been performed upon patients with either primary 
renal disease or in patients with other systemic disorders 
e.g., atherosclerosis, which might affect renal function.’ ^ 
The association between renal vascular anomalies and 
primary renal disease has been pointed to by other 
authors.9*:! As indicated by Davis, et al^ adequate 
control groups were difficult to obtain in radiographic 
series, since normal individuals were infrequently sub- 
jected to arteriography. Acceptance of living related 
renal transplantation as an effective therapeutic modal- 
ity has indicated the desirability of optimum assess- 
ment of potential living related donors. These patients 
have undergone thorough medical evaluation and have 
been felt to be disease free by standard clinical and 
laboratory criteria. Specifically no indication of hyper- 
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tensive disease or renal disease has been demonstrable 
. before the patient is considered for arteriography. As 
ae _Such, these patients represent an ideal group from which 
the incidence of renal and renovascular anomalies in 
the normal population might be inferred. With the ex- 
ception of the rare discovery of an unsuspected an- 
eurysm or tumor, the anomaly of greatest interest to 
the surgeon is that of multiple renal arteries. Previous 
series reporting on a "normal" population list an in- 
cidence of multiple arteries of 2566.?:!? It is of interest 
that the present series reveals a significantly higher 
incidence of multiple renal arteries in a population strin- 
genty screened to exclude those with renal disease. 
This may in part be attributed to improvements in radio- 
graphic technique and exclusive use of the transfemoral 
approach for arteriography as emphasized by Davis 
et al.5 Contrary to earlier experience! most of the 166 
patients subjected to renal arteriography were suitable 
as living related donors in this reported series. Im- 
proved arteriographic techniques, ex vivo perfusion for 
renal preservation, and modern vascular surgical prin- 
ciples permit utilization of most available donor kid- 
neys. This report stresses the importance of variation 
in renal vascular anatomy which occurs in a large seg- 
ment of the normal population. Significant renal pathol- 
ogy can indeed be present without being reflected even 
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in sophisticated noninvasive screening tests for renal 
dysfunction. Detailed information concerning the renal 
vascular anatomy of potential kidney donors is neces- 
sary for optimum safety and success in transplanta- 
tion. 
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Percutaneous Cytodiagnosis of Carcinoma of the 


Pancreas and Bile Duct 


A. EVANDER, M.D., |. IHSE, M.D., PH.D., A. LUNDERQUIST, M.D., PH.D., U. TYLEN, M.D., PH.D., M. AKERMAN, M.D. 


Fifty-one percutaneous fine-needle aspiration biopsies guided 
by selective angiography and 57 by percutaneous transhepatic 
cholangiography (PTC) were performed in 88 patients. Fifty- 
two of the patients had a tumor localized to the pancreas and 
19 a tumor of the extrahepatic biliary tract. In 17 patients the 
suspicion of neoplasia was possible to rule out. In 60% of the 
patients with pancreatic carcinoma and in 53% of the patients 
with biliary duct carcinoma correct cytological diagnosis was 
obtained. No false positive results were found. The diagnostic 
reliability was the same under guidance of angiography as PTC. 
The experience of the examiner markedly influenced the 
accuracy of the method. Exact correlation between the cytologic 
and histologic reports was found in cases where representative 
material was obtained at the aspiration. None of the 108 punc- 
tions was followed by complications. Since the method is harm- 
less and has a high success rate especially in experienced hands 
it is an important adjunct to the management of pancreatic 
and bile duct lesions. 


REOPERATIVE CYTOLOGIC DIAGNOSIS is of great 
P value in the management of patients with neoplas- 
tic disease. Percutaneous fine needle aspiration biopsy 
has for many years been used extensively in palpable 
tumors e.g. in the breast, lymph nodes, salivary glands 
and prostate. In 1966 Dahlgren and Nordenstrom! 
reported fine needle aspiration biopsy of pulmonary 
tumors guided by fluoroscopy and in 1972 Oscarson et 
al.* described selective angiography as a guide to per- 
cutaneous fine needle aspiration cytodiagnosis of gas- 
tric and pancreatic tumors in a small series of patients. 
Tylén et al. in 19769 reported positive diagnosis in 22 of 
29 cases of carcinoma of the pancreas biopsied in con- 
junction with selective angiography. Since then reports 
have appeared of pancreatic biopsy with guidance of 
PTC, ultrasound, and CT-scanning using essentially 
the same technique.” 

The purpose of this study was to further analyse the 
diagnostic accuracy and morbidity in percutaneous fine 
needle aspiration biopsy in the preoperative investiga- 
tion of patients with tumors of the pancreas and extra- 
hepatic biliary system guided by selective angiography 
and percutaneous transhepatic cholangiography (PTC). 
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Technique 


After localization of the lesion by angiography or | 


PTC, the biopsy was performed with a needle 0.9 mm 
in diameter and 150 mm long. The needle was adapted 
on a disposable plastic syringe in an adapter permitting 
single handed manipulation. The biopsy was performed 
from the abdominal wall in supine position. Local 
anaesthesia was necessary only occasionally. The 
needle was during fluoroscopy directed towards the 
lesion which could exactly be localized by remaining 
contrast medium in the bile ducts or by injection of 
additional contrast medium through the PTC or arteriog- 
raphy catheter. The depth of the lesion was recog- 
nized by the resistance offered to the needle at its pene- 
tration into the tumor mass. If the tumor could not be 
recognized in this way, either turning the patient to an 
oblique position or the use of biplane fluoroscopy could 
establish the exact position of the needle in the lesion. 
Once in the tumor the needle was moved back and forth 
within the lesion during maximal aspiration. The needle 
was then withdrawn after release of suction and the 
aspirate was carefully smeared out onto one or several 
glass slides and immediately fixed in absolute alcohol 
for staining with hematoxylin and eosine. If several 
slides were obtained, one of these was allowed to air 
dry after which it was stained by May-Grünwald- 
Giemsa. It was possible to evaluate the alcohol-fixed 
slides in the microscope within ten minutes. All the 
biopsies in the series were performed by the radiologist. 


Material 


Eighty-eight patients, 45 male and 43 female, ad- 
mitted to the hospital of Lund during 1974 to 1976, were 
subjected to percutaneous fine needle-biopsy guided by 
selective angiography and/or PTC because of a sus- 


/ 


pected tumor of the pancreas or extrahepatic biliary 
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TABLE 1. Results of Percutaneous Cytodiagnosis in 71 Patients 
with Pancreatic and Bile Duct Cancer 


Definitive Diagnosis 





Pancreatic Bile Duct 
Cytological Diagnoisis Cancer Cancer % 
Pancreatic cancer 31 — 60 
Bile duct cancer — 10 53 
Benign cells 14 6 
Unsuccessful aspiration zr 3 
Total 52 19 





tract. Mean age among men was 61 years (25-89) and 
among women 68 years (31-85) and mean body weight 
66 kg and 58 kg, respectively. Due to nonrepresentative 
initial biopsy 17 of the 88 patients had more than one 
biopsy giving a total of 108 examinations. Fifty-one of 
the biopsies were guided by selective angiography and 
57 by PTC. 

The tumor diagnosis was verified by findings at 
operation or autopsy in 71 patients and verified histo- 
logically in 53 patients. The tumor was localized to the 
pancreas in 52 patients and in 19 patients to the extra- 
hepatic biliary tract. In 17 patients the suspicion of 
neoplasia was ruled out on the basis of operative 
findings and findings at autopsy and clinical course. 


Results 


Correct cytological diagnosis was obtained in 31 of 
the 52 patients with pancreatic carcinoma (60%) and 
in ten of the 19 patients (53%) suffering from carcinoma 
of the extrahepatic biliary tract (Table 1). Among all the 


w weLcarcinomas, 31 were correctly diagnosed at the first 


puncture and 41 including re-puncture, giving a success 
rate of 58%. In 30 patients tumor material was not ob- 
tained. In 20 of these aspirates (smears) only showed 
signs of pancreatitis or normal pancreatic or liver or ductal 
epithelial cells and in the other 10 the aspiration was 
unsuccessful probably due to faulty aspiration tech- 
nique (Table 1). No false positive cytologic results 
were encountered in the series. The number of repre- 
sentative specimens was the same with guidance of 
angiography as with that of PTC (Table 2). The expe- 
rience of the radiologist making the biopsy influenced 
the success rate ofthe investigation markedly (Table 3). 

Postive results were obtained in three of the nine 


TABLE 2. Positive Cytologic Diagnosis in Connection 
with Angiography or PTC 
i ee NUN NN ER NA ENDE PR ota 
, Pancreatic Ca Biliary Duct Ca 


19/31 2/5 
PTC 12/23 6/16 
an en ORS ee ae eee eee a 
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TABLE 3. Influence of Examiners Experience of Percutaneous Fine 
Needle Aspiration Biopsies on Diagnostic Accuracy 
in Pancreatic and Bile Duct Cancer 


Correct Diagnosis/ 


Number of Patients E 
Experienced examiner 29/45 64 
Unexperienced examiner 12/26 46 


tumors with a diameter of less than 3 cm. An improve- 
ment of the results was found with increasing tumor 
size. Thus, 19 out of 35 tumors between 3 and 6 
cm and 19 out of 27 tumors with a diameter of more 
than 6 cm were correctly diagnosed. 

As shown in Table 4 there was exact correlation 
between the cytologic and histologic examination in 
cases where representative material was obtained at the 
aspiration. Also at rechecking, however, the aspirates 
from 15 patients with benign primary cytologic report 
were found only to contain benign pancreas, liver and 
ductal cells indicating that the tumor was not hit at 
aspiration. 

None of our 88 patients subjected to 108 percuta- 
neous punctions experienced subjective discomfort 
either during or after the procedure. Sixty-two of the 
patients underwent surgical exploration one week to 
three months after the percutaneous punction. In no 
subject could evidence of intra-abdominal complica- 
tions such as abscesses or hematoma or even evidence 
of the aspiration site be found. 


Discussion 


Percutaneous cytodiagnosis guided by angiography 
and ultrasound in pancreatic lesions is used with an 
increasing frequency. Most clinical series hitherto 
reported are, however, small. The success rate is gen- 
erally 70—7592,?5 The present study comprises 108 
percutaneous fine needle aspiration biopsies of the 
pancreas and bile ducts performed in 88 patients by 14 
different radiologists. The success rate in the total 
material was 5896; among the pancreatic carcinomas 
60% were correctly diagnosed as compared to 53% 
among the biliary tract carcinomas. The experience of 


TABLE 4. Comparison Between Cytologic and Histologic 
Examinations in 53 Patients with Cancer of 
the Pancreas or Bile Ducts 
————— — ———P— E RE 
Histologic Report 





Primary Cytologic Report Carcinoma Insulinoma 
—— —————— —— te at ae 


Carcinoma 32 32 
Endocrine tumor l 1 
Benign cells 15 15 
Unsuccessful aspiration 5 5 
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the examiner influenced the success rate to a great ex- 
tent. This may explain the higher percentage of non- 
representative specimens in the present series (Table 1) 
as compared to previously reported series, in whom 
one or two radiologists generally had performed the 
biopsies. The diagnostic accuracy of the cytologic 
examination was found to be high in cases with repre- 
sentative aspirates (Table 4). Correct diagnosis was 
made in 22 out of 44 patients with tumors less than 6 cm 
in diameter in the present material. Out of these pa- 
tients with positive aspiration biopsy, eight were pos- 
sible to treat by radical operation. 

A cytologic tumor diagnosis in combination with the 
results of angiography influences the management of 
the patients in two ways. The selection of patients for 
radical surgery can be carefully done preoperatively 
and when angiography suggests that the tumor is not 
resectable a positive cytologic diagnosis will save the 
(nonjaundiced) patient an explorative laparotomy. Any 
procedure that can shorten hospital stay and minimize 
the discomfort of the patient should be of considerable 
value in the overall management of the patient. Thus, 
explorative laparotomy was avoided in 13 of our pa- 
tients with cytologic cancer diagnosis. 

Smith et al.? stated that until a larger experience of 
morbidity following percutaneous pancreatic fine 
needle biopsy is available, it is necessary to monitor 
patients carefully during and after biopsy. Clinical 
signs of complications were not found following our 
108 punctures. Sixty-two patients in the series were 


+. 
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later operated upon and no evidence of complice 
was found. It therefore seems legitimate to conc 
that fine needle biopsy is harmless and that fear of « 
plications should not prevent its frequent use. 
The experience of the examiner influences 
accuracy of the method and it is therefore rec 
mended that one or two radiologists at every c 
is responsible for this particular type of examina 
Furthermore, the frequency of nonrepresentative | 
sies probably would decrease if the preparation, s 
ing and evaluation of the cytological specimens 
tinely was done in direct conjunction with the ri 
logical examination and biopsy allowing imme 
repuncture if tumor material was not obtained. 
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‘Intralipid 10% 
IV. Fat Emulsion 


Before the availability of Intralipid 10% LV. 
Fat Emulsion, hyperalimentation was the only 
method of administering highly concen- 
trated solutions of calories and nutrients. But 
hyperalimentation requires central venous 
catheterization, with all its attendant risks. 

Now, with Intralipid 10% LV. Fat Emulsion, 
there is an alternative — the lipid system of 
total parenteral nutrition. The lipid system 
consists of Intralipid 10% I.V. Fat Emulsion 
in conjunction with glucose, amino acids, 
electrolytes, minerals and vitamins, and 
provides all essential nutrients, including 
fat", and adequate calories, via periph- 
eral vein. 

Intralipid 10% LV. Fat Emul- 
sion is a highly concentrated 
source of calories, providing 1.1 
Calories per ml in an isotonic 
solution. 

And because the lipid system 
includes fat in the I. V. nutritional 
regimen, Intralipid 10% LV. Fat 
Emulsion attains the goal of 
balanced I.V. nutrition and 





prevents or corrects the symptoms of essential 
fatty acid deficiency. 

Intralipid 10% I.V. Fat Emulsion also allows 
for balanced I.V. nutrition via central vein in 
those patients who require larger amounts of 
calories than can be supplied by peripheral 
infusion, or who have peripheral veins un- 
suitable for parenteral feeding. Central vein 
infusion of Intralipid 10% IV. Fat Emulsion, with 
other nutrients infused separately can de- 
crease the risk of metabolic disorders often 
encountered with hyperalimentation infu- 
sions — including osmotic diuresis, hypergly- 
cemia, rebound hypoglycemia, hyperos- 
molar non-ketotic dehydra- 
tion — and prevents or corrects 
essential fatty acid deficiency. 

Intralipid 10% LV. Fat Emul- 
sion — could make the lipid sys- 
tem your method of choice in 
IL. V. nutrition. 


"Intralipid 10% I.V. Fat Emulsion must not be mixed 
with electrolyte or other nutrient solutions in order to 
avoid disturbing the stability of the emulsion. Filters 
must not be used with Intralipid 10% I.V. Fat Emulsion. 





Now possible. 
Total parenteral nutrition 
via peripheral vein. 





See following page for full 
prescribing information. 








DESCRIPTION 





Intralipid® 10% (10% Intravenous Fat Emulsion) 
is a fat emulsion prepared for intravenous ad- 
ministration. It is made up of 10% soybean oil, 
1.2% egg yolk phospholipids, 2.25% glycerin, and 
Water for Injection. In addition, Sodium Hydrox- 
ide has been added to adjust the pH to between 
5.5 and 9.0. 

The soybean oil is a refined natural product 
consisting of a mixture of neutral triglycerides of 
predominantly unsaturated fatty acids. The 
major component fatty acids are linoleic (54%), 
oleic (26%), palmitic (9%) and linolenic (8%). 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
has an osmolarity of approximately 280mOsm/ 
liter and contains emulsified fat particles of 
approximately 0.5 micron size. 

The total caloric value, including fat, phos- 
pholipid and glycerol, is 1.1 calories per ml. of In- 
tralipid® 10% (10% Intravenous Fat Emulsion). 





ACTIONS 





Intralipid® 10% (10% Intravenous Fat Emulsion) 
is metabolized and utilized as a source of energy 
causing an increase in heat production, de- 
crease in respiratory quotient and increase in 
oxygen consumption following its administration. 
The infused fat particles are cleared from the 
blood stream in a manner thought to be compa- 
rable to the clearing of chylomicrons. 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
will prevent the biochemical lesions of essential 
fatty acid deficiency (EFAD), and correct the 
clinical manifestations of the EFAD syndrome. 





INDICATIONS 





Intralipid® 10% (10% Intravenous Fat Emulsion) 
is indicated as a source of calories and essential 
fatty acids for patients requiring parenteral nutri- 
tion for extended periods of time (usually for 
more than five days) and as a source of essential 
fatty acids when a deficiency occurs. 





CONTRAINDICATIONS 





The administration of Intralipid® 10% (10% In- 
travenous Fat Emulsion) is contraindicated in pa- 
tients with a disturbance of normal fat metabo- 
lism such as pathologic hyperlipemia, lipoid 
nephrosis and acute pancreatitis if accom- 
panied by hyperlipemia. 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
must not be mixed with electrolyte or other nu- 
trient solutions; no additives can be placed in the 
bottle of Intralipid® 10%. It is supplied in single 
dose containers; a partly used bottle must not be 
stored for later use. 

Filters should not be used with Intralipid® 10% 
(10% Intravenous Fat Emulsion). 

Do not use any bottle in which there appears to 
be an oiling out of the emulsion. 





WARNINGS 





Caution should be exercised in administering 
Intralipid® 10% (10% Intravenous Fat Emulsion) to 
patients with severe liver damage, pulmonary 
disease, anemia or blood coagulation disorders, 
or when there is danger of fat embolism. 





PRECAUTIONS 





When Intralipid® 10% (10% Intravenous Fat 
Emulsion) is administered, the patients capacity 
to eliminate the infused fat from the circulation 
must be monitored. The lipemia must clear be- 
tween daily infusions. 

During long term intravenous nutrition with In- 
tralipid® 10% (10% Intravenous Fat Emulsion), 
liver function tests should be performed: and if 
these tests indicate that liver function is impaired, 
the therapy should be withdrawn. 

Frequent (some advise daily) platelet counts 
should be{done in neonatal patients receiving 
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parenteral nutrition with Intralipid® 10% (10% In- 
travenous Fat Emulsion). 





ADVERSE REACTIONS 
Ze sind HUM TUNE Kc MM NIE C» 
The adverse reactions observed can be sepa- 
rated into two classes: 


l. Those more frequently encountered which are 
due either to contamination of the intravenous 
catheter and result in sepsis, or to vein irritation 
by concurrently infused hypertonic solutions 
and mary result in thrombophlebitis. These ad- 
verse reactions are inseparable from the 
hyperalimentation procedure with or without 
Intralipid* 10% (10% Intravenous Fat Emulsion); 
and 

2. Those less frequent reactions more directly re- 
lated to Intralipid® 10% (10% Intravenous Fat 
Emulsion) which are: a) immediate or early 
adverse reactions, each of which has been 
reported to occur, in clinical trials, in an inci- 
dence of less than 1%: dyspnea, cyanosis, al- 
lergic reactions, hyperlipemia, hypercoagu- 
lability, nausea, vomiting, headache, flushing, 
increase in temperature, sweating, sleepiness. 
pain in the chest and back, slight pressure over 
the eyes, dizziness and irritation at the site of 
infusion, and rarely thrombocytopenia in neo- 
nates. b) delayed adverse reactions: hepat- 
omegaly, splenomegaly, thrombocytopenia, 
leucopenia, transient increases in liver function 
tests, and over loading syndrome (focal sei- 
zures, fever, leukocytosis, splenomegaly and 
shock). 

The deposition of a brown pigmentation in the 
reticuloendothelial system, the so-called "in- 
travenous fat pigment", has been reported in pa- 
tients infused with Intralipid* 10% (10% Intraven- 
ous Fat Emulsion). The cause and significance of 
this phenomenon are unknown. 
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DOSAGE AND ADMINISTRATION 
AA a tL 
Intralipid® 10% (10% Intravenous Fat Emulsion) 
should be administered as a part of total par- 
enteral nutrition intravenously via a peripheral 
vein or by central venous infusion. 


Adult Patients The initial rate of infusion in 
adults should be one ml./minute for the first 15 to 
30 minutes of infusion. If no untoward reactions 
occur (see Adverse Reactions section), the infu- 
sion rate can be increased so that 500 ml. will be 
infused over a period of four hours. Only 500 ml. 
of Intralipid® 10% (10% Intravenous Fat Emulsion) 
should be infused into adults on the first day of 
therapy. If the patient has no untoward reactions, 
the dose can be increased on the following day. 
The daily dosage should not exceed 2.5 g./kg. of 
body weight. Intralipid® 10% should make up no 
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more than 60% of the total caloric input of the p 
tient. Carbohydrate and a source of amino aci 
should comprise the remaining 40% or more 
the caloric input. 


Pediatric Patients The initial rate of infusion 
pediatric patients should be 0.1 ml./minute f 
the first 10 to 15 minutes. If no untoward reactiom 
occur, the rate can be increased to permit infe 
sion of 1 g./kg. in four hours. The daily P 
should not exceed 4 g./kg. of body weight. I 
tralipid® 10% (10% Intravenous Fat Emulsior 
should make up no more than 60% of total calor 
input of the patient. Carbohydrate and a sourc 
of amino acids should comprise the remainirw 
40% or more of the caloric input. 


Fatty Acid Deficiency When Intralipid® 10% (10% 
Intravenous Fat Emulsion) is administered to cc 
rect fatty acid deficiency, eight to ten percent « 
the caloric input should be supplied by I 
tralipid® 10% in order to provide an adequa 
amount of linoleic acid to correct the deficienc 


Administration Intralipid® 10% (10% Intraveno\ 
Fat Emulsion) should be infused separately from 
any other intravenously administered solutions * 
order to avoid disturbing the stability of the emi 
sion. It must not be mixed with electrolyte c 
other nutrient solutions, and drugs or vitamin 
must not be added to the emulsion in the infusic 
bottle. It can be infused into the same peripher 
vein as the carbohydrate-amino acids solutic 
by means of a Y-connector located near the inf 
sion site, and flow rates of each solution shoul 
be controlled separately by infusion pumps. Filte 
should not be used with Intralipid® 10% emulsio 

A special Intralipid® 10% (10% Intravenous Fe 
Emulsion) intravenous administration set 
available. 

Intralipid® 10% (10% Intravenous Fat Emulsior 
is supplied in single dose containers; the remai 
ing contents of a partly used bottle must not b 
stored for later use. 


————————— 


STORAGE 
o ddl 
Intralipid® 10% should be stored under refri 
eration at 4? to 8? C. e 
Do not freeze Intralipid® 10% (10% Intravenot 
Fat Emulsion); if accidentally trozen, discard bott) 


ES 


HOW SUPPLIED 
i Á 
Intralipid® 10% (10% Intravenous Fat Emulsior 
is supplied as a sterile emulsion in 500 mr 
containers. 
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IMPORTANT 
ADDITIONAL PRODUCT INFORMATION 





Read Carefully Before Administration of 
Intralipid* I.V. Fat Emulsion 





1. Stopper Entry 
STOPPI 


e Insert Spike He: 


a. Be sure to swab the face of the stopper i 
mediately before piercing. 

b. Insert spike through the largest circle of p. 
pared stopper with a straight thrust and th: 
twist to fully seat spike. 


2. Special Intralipid* I.V. Fat Emulsion Adm 
istration Set 


A special Intralipid* I.V. Fat Emulsion administ 
tion set is provided with each bottle. Convg 
tional administration sets contain polyvin 
chloride (PVC) components that contain DE 
(Diethyl Hexyl Phthlate) as a plasticizer. Fat c 
taining fluids such as intralipid* extract DE 
from these PVC components. 


The special Intralipid® I.V. Fat Emulsion set dc 
not contain DEHP Therefore, this special : 
should be used for the administration of 
tralipid* 10% (Intravenous Fat Emulsion). 


ees E Host Defense Against Opportunist Microorganisms 


Following Trauma 


|. Studies to Determine the Association Between Changes in Humoral 
... Components of Host Defense and Septicemia in Burned Patients 


ANN B. BJORNSON, PH.D., WILLIAM A. ALTEMEIER, M.D., H. STEPHEN BJORNSON, M. D., PH.D., TAIMIN TANG, M.S., 


Total hemolytic complement (CH;o), conversion of C3 by 
inulin, and immunochemical levels of Clq, C4, C2, C3, C5, 
factor B, C3b inactivator (KAF), and properdin were measured 
in the sera of 15 patients with severe thermal injury during nine 
weeks postburn. Five of the 15 patients had multiple episodes 
of septicemia as documented by positive blood cultures and 
clinical findings. Decrease in CH;,, Clq, C4, C2, C3, and C5 
. occurred prior to and during septic episodes in these patients. 


Although conversion of C3 by inulin was often reduced during . 


septic episodes, levels of factor B and KAF were generally 
normal or elevated. In only one patient did consumption of 
complement occurring during septicemia decrease the opsonic 
capacity of the patient's sera for the patient's infecting micro- 
organism, an isolate of E. coli; sera from the same patient op- 
sonized her infecting strain of S. aureus normally. The micro- 
organisms isolated from the other septic patients, which were 
opsonized normally by the patients? sera despite complement 
consumption, were also with one exception strains of Staphylo- 
„cocci. In the nonseptic burned patients, decrease in properdin 
and C3 conversion by inulin, and increase in C3, factor B and 
KAF were demonstrated as we have previously reported. The 
results indicate that the classical complement pathway was acti- 
vated during septicemia in burned patients and that activation 
of this pathway occurred preferentially due to inhibition of the 
alternative pathway. In addition, the data show that comple- 
ment consumption may reduce the opsonic capacity of a pa- 
tient's sera for certain microorganisms and not for others. 


N OUR PREVIOUS STUDIES, reduction in the immuno- 
I chemical levels and functional activities of com- 
ponents of the classical and alternative complement 
pathways was associated with septicemia in two burned 
patients.? Reduction in the classical complement path- 
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way occurred during the first ten days postburn in an 
infant who developed septicemia with Staphylococcus 
aureus on the third postburn day which persisted. 
through the sixth day. Reduction in complement activ- 


ity was also observed in a 39-year-old woman who had 


multiple episodes of Pseudomonas septicemia and 
candidemia during her clinical course and who died of 
septic shock. The present investigation was undertaken 
to determine if these preliminary data could be sub- 


- stantiated and to determine if complement consump- 


tion reduced the opsonic capacity of the patient's sera 
for his own infecting microorganism. 


Materials and Methods 
Patients 


Fifteen patients with severe thermal injury were fol- 
lowed for up to nine weeks postburn. Patients who 
appeared to be at the greatest possible risk of infection 
because of burn size or age or both were selected for 
the study. Serum samples were obtained from the pa- 
tients as soon after the injury as possible and then at 
weekly intervals. In those patients who developed 
septicemia, serum samples weré also obtained. two 
additional times per week until blood cultures became 
negative. Blood cultures were drawn on all patients at 
least one time per week by our staff, and additional 
blood cultures were drawn at the discretion of the 
attending physicians. This procedure was adopted for 
the purpose of documenting negative as well as positive 
cultures obtained on the patients. Septicemia was docu- 
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mented by clinical findings and positive blood cultures. 
The clinical criteria used for the evaluation of septi- 
cemia were a) chills and fever, b) tachycardia, c) hypo- 
tension, and d) disorientation. 


Collection of Blood 


The blood samples for serologic studies were allowed 
to clot for one hour at room temperature, then for one 
hour at 4°, and were centrifuged at 5,000 x g. The sera 
were removed, dialyzed against 0.01 M phosphate 
buffered saline, pH 7.3, containing 5 x 107 M MgCl, 
and 1.5 x 10-4 M CaCl, overnight, divided into aliquots, 
and frozen at —70°. Dialysis of the sera was performed 
to remove antibiotics, if present, and to standardize the 
concentration of magnesium and calcium ions in the 
sera. Normal human sera were collected from 25 
healthy adult donors, dialyzed in a similar fashion, and 
stored individually or as a pool at —70°. 


Growth of the Microorganism for the Opsonic Assays 


The microorganisms isolated from the patients were 
maintained in brain-heart infusion broth and were 
frozen at —70°. Prior to each experiment, a frozen cul- 
ture was thawed and plated on brain-heart infusion 
agar, and the plate was incubated at 37? overnight. A 
single colony was then transferred to a tube of brain- 
heart infusion broth which was incubated at 37? over- 
night. This method of culture has been shown to be very 
efficient since virulence of the microorganism is main- 
tained from experiment to experiment, and the method 
has yielded reproducible numbers of viable bacteria. 


Measurement of Serum Opsonic Activity 


A minor modification of the method of Hirsch and 
Strauss? was used for measuring bactericidal activity. 
To summarize the methodology, 1.0 x 108 organisms 
and 5.0 x 10° leukocytes were incubated with the test 
serum in a final volume of Í ml of Hank's Balanced Salt 
Solution containing 0.1% gelatin (HBG). HBG was 
substituted for the leukocytes in the controls. Dupli- 
cate reaction mixture and control tubes were rotated 
end over end for three hours at 37°. The number of bac- 
teria surviving in the controls and reaction mixtures 
was determined by plating three ten-fold dilutions of 
the samples in distilled water on brain-heart infusion 
agar and colony counting after overnight incubation. 
The per cent of microorganisms phagocytosed and 
killed intracellularly was determined by the formula 
(a — b/a) x 100 where a was the number of bacteria 
surviving in the contro] lacking leukocytes and b was 
the number of bacteria surviving in the corresponding 
reaction mixture containing leukocytes. The percent of 
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serum selected for the assays was determined for each 
bacterial strain in a preliminary experiment and was the 
minimal concentration of pooled normal human serum 


which promoted maximal phagocytosis and killing of' ^ 


the strain by normal leukocytes. 


Radial Immunodiffusion Assays 


Single radial immunodiffusion was performed by a 
minor modification of the method of Mancini et al.? 
For assaying concentration of B antigen of C3, factor 
B, KAF, Clq, C4, C2, and C5, agarose (1%) dissolved 
in veronal buffer (u = 0.05, pH = 8.6) containing 0.04 
M EDTA was used. For assaying properdin concentra- 
tion, agarose (0.692) dissolved in 0.01 M phosphate 
buffered saline, pH 7.0, containing 0.01 EDTA, was 
used. Àn appropriate dilution of antiserum in agarose 
was poured into plastic plates which were stored at 4^ 
for up to two days. For assays of factor B, Clq, C4, C3, 
and C5, 30 two mm diameter wells were made on each 
plate, and 3 ul of serum were delivered into each well. 
For assays of C2, KAF, and properdin, 4 mm diameter 
wells were made on each plate, and 10 ul of serum were 
delivered into each well. The unknown and serial dilu- 
tions of the standard serum for the protein being meas- 
ured were placed in the wells and diffusion was carried 
out at room temperature for 24 hours (C1-C5, factor B, 
and KAF) or at 37? for 72 hours (properdin). All deter- 
minations were performed in duplicate. Normal refer- 
ence sera to B antigen of C3, C4, C5, and factor B were 
kindly provided by Dr. C. West, Children's Hospital 
Research Foundation, Cincinnati, Ohio, and for pro- 
perdin, KAF, Cig, and C2 was a pool of 25 
normal sera. 


Purified Proteins and Antisera 


Human factor B was purified according to the 
method of Gotze and Muller-Eberhard.? Properdin was 
isolated by the method of Pensky et al.'® except that a 
euglobulin fraction of human serum rather than serum 
reacted with zymosan was used as the starting material. 
By polyacrylamide gel electrophoresis, the final pre- 
paration of properdin and factor B were found to be 
contaminated only with trace amounts of gamma 
globulin. Human KAF, C4, C2, C3 and C5 were pur- 
chased from Cordis Laboratories, Miami, Florida. 

Antisera to properdin, factor B, KAF, C4, C3, and 
C5 were raised in goats by multiple subcutaneous injec- 
tions of the respective partially purified protein in saline 
containing 0.01 M EDTA, pH 7.0 (EDT A-saline) incor- 
porated in Freund's complete adjuvant. Antiserum to 
C2 was raised in goats by multiple intravenous injec- 
tions of human C2 in EDTA-saline. Antiserum to B 
antigen of C3 was prepared by absorbing antiserum to 
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TABLE 1. Clinical Characteristics of the Septic Burned Patients 





Body Surface Injured? 


Blood Culturest 





. Patient Total Third Degree Positive Negative 
No. Age Sex* o % Microorganisms Day Day 
I 51 M 35 - 13 P. mirabilis | 4 13,21 
II 3 M 45 45 S. aureus 7,11,20 13,25,29 
C. albicans 30,32 35,42 
HI 13 F 80 53 S. aureus 13,20,48,49 6,14,17—19, 
24—26, 28 
S. epidermidis 27,43,48 31—35,38,39 
44,46,57,58 
IV 12 M 70 60 $. aureus 9—13,34 15,18—20 
C. albicans 22 28—31,36—40 
S. faecalis = 27 42,45,46,48 
V 59 F 63 13 $. aureus 4,6,11 — 
VI 3 F 82 82 S. aureus 17,19 3.10,22 
E. coli 19,21 


* M = male; F = female. 
t All patients had flame burn injuries. 


C3 with the minimal amount of aged normal human 
serum which fully removed antibodies to the A and D 
antigens.? The antisera to factor B and C2 were 
absorbed with heated normal serum (50°, 30 min). The 
antiserum to properdin was absorbed with properdin 
depleted serum?" and the antiserum to KAF was 
absorbed with normal human serum heated at 56° for 
two hours. All of the procedures removed antibodies 
to contaminating prcteins. Antisera to human C4 and 
C5 contained only antibodies to each respective pro- 
tein. Each antiserum in agarose yielded single lines 
against normal human serum in immunoelectrophoresis 
and double immunodiffusion and complete identity in 
double immunodiffusion with reference goat antiserum 
_ to each respective protein. The reference antisera to 
factor B, KAF, properdin, C4, C2, C5, and B antigen 
of C3 were generousiy provided by Dr. C. West. Rab- 
bit antiserum to human Clq was purchased from 
Behring Diagnostics, Somerville, New Jersey. 


Total Hemolytic Complement and C3 Conversion 
Assays 


Total hemolytic complement (CH; 9) was titrated by 
the method of Kabat and Mayer.'? Inulin (100 mg/ml) 
was added to serum in the proportion of 10 yl of activat- 
ing substance to 100 ul of serum, and the mixture was 
incubated for one hour at 37°. Concentration of B anti- 
gen of C3 was determined by radial immunodiffusion 
before and after incubation with the activating sub- 
stance, and the difference in concentration taken as a 
measure of C3 conversion." 


Results 


Six of the 15 patients had one or more positive blood 
cultures during their clinical course. Clinical character- 


ti Numbers indicate the number of days following the injury that 
positive or negative blood cultures were obtained. 


istics of this group of patients including information 
regarding blood cultures are given in Table 1. The other 
nine patients had negative blood cultures. Clinical 
characteristics and grouping of these burned patients 
are shown in Table 2. 

In all three groups of nonseptic patients, levels of 
native C3, KAF, and factor B were normal or elevated 
for the entire study period (Fig. 1). Properdin levels 
were initially reduced in all groups. Properdin levels 
remained reduced in patients with the largest burn sizes 
(group A) for 40 days postburn and in patients with 
intermediate burn sizes (group B) for 30 days postburn. 
In patients with the smallest burn sizes (group C), pro- 
perdin levels were normalized during the sixth to tenth 
postburn day period. Conversion of C3 by inulin was 
markedly reduced in group A patients for the duration 
of the study. In group B patients, C3 conversion by 
inulin was normal during the first 40 days postburn and 


TABLE 2. Clinical Characteristics of the Non-Septic Burned Patients 


Body Surface 


Injuredt 
Average 
Patient Total Third Degree Burn Ratio 
Group No. Age Sex* % © % per Group 
I 5 M 75 70 
A 2 10 M 71 66 68/65 
3 6 F 60 60 
I 5 F 54 43 
B 2 42 M 55 2 52/20 
3 9 F 49 15 
1 12 F 40 11 
C 2 10 M 37 16 35/11 
3 49 M 30 6 


* M = male; F = female. 
f All patients had flame burn injuries. 
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Fic, 1. Immunochemical levels and functional activities of compo- 
nents of the classical and alternative complement pathways in the 
sera of nine nonseptic burned patients. The average burn ratio (total 
burn size (%)/area of third degree burn (%) was 68/65 for group A, 
52/20 for group B, and 35/11 for group C. Refer to Table 2 for data on 
individual patients in each group. The solid triangles represent mean 
values for group A patients, the soltd circles represent mean values 
for group B patients, and the crosses represent mean values for group 
C patients. The shaded areas represent the variation of 20 normal 
sera (mean +1 SD), and the vertical bars represent the standard error 
of the mean. 


then was subsequently reduced. In group C patients, 
C3 conversion was normal for the entire study period. 
Total hemolytic complement (CH; )) was normal in all 
three groups for the duration of the study. 

The first patient (Patient I) in the group of infected 
patients had one positive blood culture on day 4 with 
Proteus mirabilis which was unassociated with fever or 
any other clinical findings associated with septicemia. 
A change in the complement profile in this patient was 
not associated with the transient bacteremia, and op- 
sonic activity of sera from this patient for his infecting 
strain of P. mirabilis was normal during his entire clini- 
cal course of 30 days postburn (Fig. 2). C3 conversion 
by inulin and properdin concentration were reduced in 
this patient during the entire postburn period; levels 
of factor B and KAF were normal or elevated. Func- 
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tional activity of the classical pathway as measured 


by total hemolytic complement (CHs») was normal or ` 
elevated, although the level of Clq in the patient's sera. 


was approximately 50% of normal for the entire study 
period. NL E 
Patient IJ had multiple positive blood cultures for 


S. aureus during the seventh to twentieth postburn . 


days and for Candida albicans on the thirtieth and 
thirty-second postburn days. The blood culture results 
indicated that this patient was culture negative during 
the twenty-first through the twenty-ninth postburn days 
and after the thirty-second postburn day. This patient 
was febrile with temperatures ranging from 101 to 103? 
during the entire study period of 40 postburn days, but 
had no other clinical findings associated with sep- 
ticemia. Reduction in the classical complement path- 


way was found to be associated with the septic epi- 


sodes. CH;5, and immunochemical levels of Clq and 
C4 were reduced during the first ten-day postburn 
period and during the thirty-first to fourtieth postburn 
period. Reduction in these measurements was not, 
however, demonstrated during the eleventh to twen- 
tieth or twenty-first to thirtieth postburn day periods, 
although the patient had positive cultures for $. aureus 
on the eleventh and twentieth postburn days. Reduc- 
tion in C3 conversion by inulin and properdin concen- 
tration in this patient's sera could not be related to sep- 
ticemia. No significant reduction in opsonic activity of 
the patient's sera for his infecting strain of S. aureus 
was demonstrated during the entire study period. The 
ability of the patient's sera to opsonize his infecting 
strain of C. albicans was unable to be evaluated, since 
pooled normal serum at a concentration as high as 20% 
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was unable to promote phagocytosis and killing of this - : 


microorganism by normal leukocytes. 

Patient III had multiple positive blood cultures for 
S. aureus and Staphylococcus epidermidis during the 
thirteenth to twenty-seventh and fourty-third to fourty- 
ninth postburn day periods. This patient also had nega- 
tive blood cultures during these time intervals. In addi- 
tion, negative cultures were obtained prior to the 
thirteenth, during the twenty-eighth to fourty-third 
postburn days, and after the fourty-ninth postburn day. 
This patient was febrile with temperatures ranging from 
100 to 103? during the entire study period and had a 
consistent pulse rate of 140 to 160 during this time. The 
patient had no documented episodes of hypotension or 
disorientation. Reduction in CH,,, levels of Clq, C4, 
C5, and to a lesser extent levels of C2 and C3 were 
demonstrated during the first 25 postburn days, but not 
during the second septic period (fourty-third to fourty- 
ninth days). Alternative pathway activation followed 
the normal pattern which has been observed in a patient 
with this burn size. C3 conversion was reduced after 
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Fic. 2. Immunochemical levels and functional activities of components ofthe classical and alternative complement pathways, and opsonization 
of the patients’ infecting microorganisms in the sera from Patients 1—6. Clinical information on the patients is given in Table 1. N.M. represents 
the normal mean value for opsonization of the designated microorganism. 
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the sixth to fifteenth postburn day period, the level of 
properdin was reduced and levels of factor B and KAF 
were normal or elevated for the duration of the study. 
No decrease in the ability of the patient’s sera to op- 
sonize her infecting strain of S. aureus was demon- 
strated. Reduction in the opsonic activity of the pa- 
tient's sera for her infecting strain of S. epidermidis was 
only demonstrated during the first five days postburn. 

Patient 4 was admitted to the Shriners Burn Institute 

nine days following his burn injury and had positive 
blood cultures with S. aureus during the ninth to 
thirteenth postburn day period. Blood cultures were 
negative thereafter until the twenty-second and twenty- 
seventh postburn days when blood cultures were posi- 
tive for C. albicans and Streptococcus faecalis respec- 
tively. Blood cultures were negative from the twenty- 
eighth to the thirty-first postburn day period with the 
last positive culture being obtained on the thirty-fourth 
postburn day for S. aureus. The patient was febrile 
with temperatures ranging from 101 to 104° for the 
entire study period. No other clinical findings asso- 
ciated with septicemia were observed in this patient. 
Consumption of components of the classical comple- 
ment pathway was observed during the first 35 postburn 
days. CH, levels of Clq, C4, C2, and C5 were more 
markedlv decreased initially during the ninth to fifteenth 
postburn day period; consumption was not, however, 
extensive enough to decrease the C3 concentration. 
Alternative pathway activation followed the normal 
pattern which has been observed in patients with this 
burn size as described for Patient III. In addition, no 
impressive decrease in the ability of the patient's sera 
to opsonize his infecting strain of S. aureus or S. 
faecalis was demonstrated. The opsonic activity of the 
patient's sera for his infecting strain of C. albicans was 
unable to be evaluated, since pooled normal human 
serum at a concentration as high as 2096 was unable 
to promote phagocytosis and killing of this micro- 
organism by normal leukocytes. This finding is identi- 
cal to the results obtained with the C. albicans strain 
which was isolated from Patient II. 

Patient V had multiple positive blood cultures with 
S. aureus during the fourth to eleventh days postburn 
and died of what appeared to be septic shock on day 12. 
She was febrile during the entire study period with tem- 
peratures ranging from 101 to 102°, became disorien- 
tated on day eight and was responsive only to deep pain 
by day 12. She had no documented episodes of tachy- 
cardia; blood pressure measurements were unable to be 
performed due to the extent of the patient's injury. 
Consumption of the classical complement pathway was 
marked during the entire ten day postburn period; alter- 
native pathway consumption was observed only during 
the first three days postburn. C3 conversion by inulin, 
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CH;,, levels of Clq. C4, C2, C5 and to a lesser extent 
C3 were decreased during the ten day period, and factor 
B levels were decreased during the first three days post- . 
burn. No marked decrease in opsonic activity of the 
patient's sera for her infecting strain of S. aureus was 
demonstrated during the entire study period. — 

Patient VI had multiple positive blood cultures with 
S. aureus and Escherichia coli during the seventeenth 
to twenty-first postburn days and died of what appeared 
to be septic shock on day 27. She was febrile with tem- 
peratures ranging from 101 to 102° during her entire 
clinical course. She had intermittent episodes of tachy- 
cardia on days 2, 3, 11, 12, 15, 20, 25 -27. She was hypo- 
tensive upon admission (day two) and on days 19, 20, 
26, and 27. She was alert through the eleventh postburn 
day. Classical pathway activation was markedly 
reduced during the entire study period of 25 postburn 
days. Functional activity of her alternative pathway as 
assessed by C3 conversion by inulin was unusually 
normal, and the only abnormality which was noted was 
decreased KAF levels. Since KAF is a regulatory pro- 
tein of the classical as well as the alternative comple- 
ment pathway, this protein was probably consumed 
along with other components of the classical pathway. 

Opsonization of the patient's infecting strain of S. 
aureus by the patient's sera was not substantially af- 
fected by the decreased classical pathway activity. 
However, the ability of the patient's serum to opsonize 
her infecting strain of E. coli was markedly reduced 
during the first five days postburn and then again during 
the twenty-first to twenty-fifth postburn day period. 

The types and amounts of blood products admin- 
istered to the septic patients is shown in Figure 3. A 
wide variation in the regimen for administration of" 
blood products was observed. Patients I, II, V, and VI 
received the least amount of blood products; patient I 
only received packed cells during the first five days 
postburn and then no blood products thereafter. Pa- 
tients III and IV received from 500 to 3600 ml of whole 
blood and from 400 to 3900 ml of single donor plasma 
per ten day period. 


Discussion 


The protein interactions involved in classical com- 
plement pathway activation have been defined and are 
widely accepted.* However, the proteins required for 
alternative pathway activation are not well understood 
and continue to be actively investigated. The most 
recent evidence suggests that the initial stage in the 
conversion of C3 by zymosan or inulin requires native 
C3, factors B and D, and initiating factor, a newly 
discovered 8 globulin which reacts immunochemically 
with C3 nephritic factor.’ C3b, which is generated _ 
during C3 conversion, initiates a positive feedback 
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mechanism by modulating the conformation of factor B 
so that this molecule can be activated by factor D. 4:15! 


.Properdin (P), which was originally postulated to be 


required for formation of the initial C3 convertase,9:1^:!? 
has recently been shown to stabilize the enzyme 
C3b,B which is formed by the feedback mechanism.')” 
Both C3b,B and stabilized C3b,P,B serve as C3 and C5 
convertases, suggesting that properdin functions as a 
modulator of an already assembled enzyme. The C3 
and C5 convertase functions of C3b.P,B are inhibited 
by fluid phase C3b which causes disociation of factor B. 

The data of our investigation suggest that consump- 
tion of the classical complement pathway was asso- 
ciated with and was probably caused by septicemia 
in thermally injured patients. In three of five burned 
patients (Patients IV—VI), decrease in the functional ac- 
tivity and immunochemical levels of components of the 
classical complement pathway occurred prior to and 
during septic episodes. Both of the other two patients 
also had decreased classical pathway activity prior to 
the development of septicemia. In one of the patients 
(Patient III), classical pathway activity was decreased 
during the first septic episode (thirteenth to twenty- 
seventh postburn days) but not the second (fourty- 
third to fourty-ninth postburn days). In the other pa- 
tient (Patient ID, classical pathway activity was de- 
creased during the second septic period (thirtieth to 
thirty-second pastburn days) but not for the duration 
of the first episode (eleventh to twentieth postburn 
days). The results obtained in Patient II can probably 
be attributed to the administration of blood products, 
since this patient received whole blood and single donor 
plasma during the first but not the second septic epi- 





' sode. Patient III, whose classical pathway activity was 


reduced during the first but not the second septic epi- 


= sode, received equivalent amounts of single donor 


plasma per day during the two time intervals but twice 
the amount of whole blood per day during the second 
septic episode. However, Patient IV showed classical 
pathway consumption during his septic episodes, when 
he was receiving as much whole blood and single donor 
plasma as Patient III. It should be mentioned that the 
lack of consistency in the changes in complement ob- 
served in these two patients might be related to dif- 
ferences in the complement levels in the blood products 
which they received. We. have measured complement 
levels and activities in three different units of single 
donor plasma and found them to vary markedly; one of 
the units contained 25% of the normal amount of clas- 
sical and alternative pathway activity. 

One of the patients (Patient D) in our study, who was 
bacteremic, served as an excellent control for deter- 
mining the relationship between changes in comple- 
ment and septicemia. No changes in the classical or 
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Fic. 3, Temporal sequence of administration of blood products to the 
burned patients with positive blood cultures. 


alternative complement pathways occurred prior to or 
on the day that this patient's blood culture was positive. 
An early reduction in classical pathway activity was 
demonstrated in all of the septic patients during the 
initial postburn period suggesting that this humoral 
abnormality may be predictive of a septic episode and 
may possibly predispose the patient to infection. Our 
results tend to rule out the possibility that the initial 
reduction in classical pathway activation occurring 
during the first week postburn resulted from infection, 
since blood cultures were consistently negative in all 
but one of the patients during this time. 

The classical pathway appeared to be activated pre- 
ferentially in the burned patients during septic epi- 
sodes. Although C3 conversion by inulin was often 
reduced during septic episodes, levels of factor B were 
generally normal or elevated. Since it is well known 
that factor B is consumed during alternative pathway 
activation, the results suggest that C3 conversion via 
the alternative pathway was reduced in the burned 
patients due to inhibition rather than to consumption 
of alternative pathway components. Inhibition of alter- 
native pathway activation would provide an explana- 
tion for the observed preferential activation of the clas- 
sical pathway. Further studies regarding evidence for 
presence of a circulating inhibitor of C3 conversion via 
the alternative pathway in burned patients has been 
presented in preliminary form? and will be the subject 
of future investigation. 
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Our results are in agreement with those of Alexander 
et al.! who also did not demonstrate reduction in the 
immunochemical levels of components of the alterna- 
tive complement pathway in two septic burned pa- 
tients. These investigators did, however, demonstrate 
a decrease in alternative pathway proteins in other 
surgical patients with positive blood cultures. 

In our study. in only one patient did consumption 
of components of the classical complement pathway 
occurring during septicemia decrease the opsonic 
capacity of the patient’s sera for her own infecting 
microorganism, an isolate of E. coli; sera from the same 
patient which could not opsonize E. coli, opsonized 
her infecting strain of S. aureus normally. The micro- 
organisms which were isolated from the other septic 
burned patients and used to test the opsonic capacity 
of the patients’ sera were also, with one exception, 
strains of Staphylococci. Since there is evidence that 
S. aureus can be opsonized by normal IgG in the ab- 
sence of complement,*'? the lack of demonstration of 
reduction in the opsonic capacity of the patients' sera 
for their infecting strains of Staphylococci might be 
related to the lack of requirement for complement for 
opsonization of the strains. It will be very important 
in our future studies to determine if reduction in serum 
opsonic activity occurs for certain bacteria and not for 
others as was observed in this group of septic patients. 

It should be emphasized that the E. coli isolate as 
well as the strains of Staphylococci and S. faecalis 1so- 
lated from the burned patients were not susceptible to 
direct lysis by pooled normal serum in the absence of 
leukocytes or to phagocytosis and intracellular killing 
by normal leukocytes in the absence of serum. In addi- 
tion, the concentration of serum and incubation periods 
used in the opsonic assays were specific for each infect- 
ing microorganism. Concentrations of the patients' 
sera were based on the minimal amount of pooled nor- 
mal human serum which was found to promote maximal 
intracellular killing of the microorganism by normal 
leukocytes during the shortest incubation period. 

Another interesting observation which was derived 
from this study was that strains of C. albicans isolated 
from the burned patients were not phagocytosed and 
killed intracellularly by normal leukocytes in the pres- 
ence of five to ten times the concentration of normal 
human serum required for phagocytosis of other micro- 
organisms. Further studies will be initiated to deter- 
mine if the C. albicans strains isolated from the burned 
patients are more resistant to opsonization by normal 
serum than strains of C. albicans isolated from other 
sources and to determine the human serum proteins 
required for opsonization of the C. aibicans strains. 

Data from the burned patients who did not develop 
septicemia was grouped according to burn size to 
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enable comparisons to be made between the present 
study group and previously studied patients. The only 


difference which was observed in the data from the . 


groups of burned patients in this study and our pre- 
viously studied groups of patients with similar burn 
sizes was in the results of the analyses of C3 conversion 
by inulin in patients with the largest burn sizes. In the 
present study, C3 conversion by inulin was markedly 
reduced initially and remained reduced for the dura- 
tion of the study. In the previous study, C3 conversion 
was not reduced until after the first ten days postburn. 
However, in our original work demonstrating reduction 
in C3 conversion in the sera of patients with severe 
thermal injury, C3 conversion in the sera of some of the 
patients was reduced during the initial ten day post- 
burn period and in others it was not.* The discrepancy 
in the C3 conversion results remains to be explained, 
however it does not appear to be related to burn size. 
Our study has been designed to provide rationale 
for establishing new approaches for the prevention and 
therapy of microbial infections in burned patients. For 
example, if our preliminary observation that com- 
plement consumption is caused by septicemia in burned 
patients is confirmed, then carefully controlled admin- 
istration of fresh frozen plasma during periods of septi- 
cemia might provide a successful therapeutic method 
for controlling infection. In those burned patients who 
have clinical findings associated with sepsis, a comple- 
ment profile might be used to predict the severity of 
infection and also as a means of monitoring recovery. 
In addition, our preliminary results indicate that a com- 
plement profile might also be used to predict the occur- 
rence of septic episodes. All of these exciting con- 
siderations will, however, have to await future compre- ° 
hensive studies on larger numbers of patients to 
determine the risks and benefits of such measures. 
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Host Defense Against Opportunist Microorganisms 


Following Trauma 


Il. Changes in Complement and Immunoglobulins in Patients With 
Abdominal Trauma and in Septic Patients Without Trauma 
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Total hemolytic complement (CH;o), conversion of C3 by 
inulin and cobra venom factor (CoVF), and immunochemical 
levels of Clq, C4, C2, C3, C5, factor B, properdin, C3b 
inactivator (KAF), and immunoglobulins (Igs) G, A, and M 
were measured in the sera of ten patients with abdominal 
trauma and ten medical patients with septicemia without 
trauma. Reduction in C3 conversion by CoVF and de- 
crease in the levels of properdin and KAF were demon- 
strated in the trauma sera. CH,, and the level of C5 were 
also decreased. Conversion of C3 by inulin and levels of 
factor B, Clq, C4, C2, and C3 were found to be normal 
in the patients’ sera. Complement levels and activities 
were found to be normal in the sera of the septic non- 
trauma patients. A decrease in serum IgM was observed in 
both patient groups; levels of IgG and IgA were normal. These 
results indicated that abnormalities of immunoglobulin and 
of the alternative and classical complement pathways were 
associated with nonburn trauma. Moreover, the data sug- 
gested that consumption of the classical complement pathway 
associated with septicemia in the thermally injured patient 
resulted from synergism between the trauma and infection 
rather than from septicemia per se. 


N OUR PREVIOUS STUDIES, patients with burn injury 

were found to have multiple alterations of comple- 
ment and immunoglobulins.*-* Some of the humoral 
alterations were demonstrated in the burned patients 
during septic episodes, whereas other alterations were 
clearly unassociated with systemic bacterial or fungal 
infection. The present investigation was undertaken 
to determine if the changes in complement and im- 
munoglobulins which were demonstrated in septic and 
nonseptic burned patients were unique to patients 
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with burn injury or were also observed in patients 
with nonburn trauma or in septic patients without 
trauma. It was hoped that the information obtained 
from the investigation would help to establish the 
etiology of the humoral alterations in the burned 
patients and to provide new information regarding 
the integrity of host defenses in patients with 
nonburn trauma. 


Materials and Methods 


Ten patients with blunt or penetrating abdominal 
trauma ranging in age from 17 to 55 years (mean 
— 26 years) were studied. Blood samples were col- 
lected from the patients within 6 hours after the injury. 
Pertinent clinical information on the patients is given 
in Table 1. Ten medical patients with septicemia as 
documented by positive blood cultures and clinical 
findings were also studied. Clinical information, blood 
culture results, and timing of serum sample collection 
on this group of patients are shown in Table 2. 

Blood samples were allowed to clot for 1 hour at 
room temperature, then for one hour at 4°, and were 
centrifuged at 5,000 x g. The sera were removed, 
dialyzed against 0.01 M phosphate buffered saline, pH 
7.3, containing 1.5 x 10°* CaCl, and 5.0x 10* M 
MgCl, overnight, divided into aliquots, and frozen at 
—70°. Dialysis of the sera was performed to remove 
antibiotics, if present, and to standardize the concen- 
tration of magnesium and calcium ions in the sera. 
Normal human sera were collected from 25 healthy - 
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adult donors, dialyzed in a similar fashion, and stored at 
—70°. 
_ Single radial immunodiffusion was performed by a 
minor modification of the method of Mancini et al.?! For 
assaying concentration of B antigen of C3, factor B, 
KAF, Clq, C4, C2, and C5, agarose (1 %) dissolved in 
veronal buffer (ji = 0.05, pH = 8.6) containing 0.04 M 
EDTA was used. For assaying properdin concentration, 
agarose (0.6 %) dissolved in 0.01 M phosphate buffered 
saline, pH 7.0, containing 0.01 M EDTA, was used. For 
assaying Igs, agarose (1 %) was dissolved in 0.01 M 
phosphate buffered saline, pH 7.0. An appropriate 
dilution of antiserum in agarose was poured into plastic 
plates which were stored at 4? for up to two days. For 
assays of Igs, factor B, Clq, C4, C3 and C5, 30 2 mm 
diameter wells were made on each plate, and 3 pl of 
serum were delivered into each well. For assays of C2, 
KAF, and properdin concentration, 4 mm diameter 
wells were made on each plate, and 10 ul of serum 
delivered into each well. The unknown and serial 
dilutions of the standard serum for the protein being 
measured were placed in the wells and diffusion was 
carried out at room temperature for 24 hours (igs, 
CI -C5, factor B, and KAF) or at 37? for 72 hours 
(properdin). All determinations were performed in 
duplicate. Normal reference sera to B antigen of C3, 
C4, C5, and factor B were kindly provided by Dr. C. 
West, Children's Hospital Research Foundation, Cin- 
cinnati, Ohio, and for properdin, KAF, Clq, and C2 was 
a pool of 25 normal sera. Reference sera for Igs was 
purchased from Behring Diagnostics, Somerville, New 
Jersey. l 
Antisera to properdin, factor B, KAF, C4, C3, and 


- C5 were raised in goats by multiple subcutaneous injec- 


tions ofthe respective partially purified protein in saline 
containing 0.01 M EDTA, pH 7.0, (EDTA-saline) 
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TABLE 1. Clinical Characteristics of Patients 
with Abdominal Trauma 


Patient Type of 
No. Trauma* Sext Age 
1 P M 27 
2 P M 30 
3 P M 33 
4 B F 55 
5 B M 20 
6 B M 19 
7 B M 26 
8 B M 17 
9 B M [9 
10 B M 18 


* P = penetrating abdominal trauma; B = blunt abdominal trauma. 


t M = male; F = female. 


incorporated in Freund's complete adjuvant. Antiserum 
to C2 was raised in goats by multiple intravenous 
injections of human C2 in EDTA-saline. Human factor 
B was purified according to the method of Gotze and 
Muller-Eberhard." Properdin was isolated by the 
method of Pensky et al.,?5 except that a euglobulin 
fraction of human serum rather than serum reacted with 
zymosan was utilized as the starting material. By 
polyacrylamide gel electrophoresis, the final prepara- 
tions of properdin and factor B were found to be 
contaminated only with trace amounts of gamma 
globulin. Human KAF, C4, C2, C3 and C5 were 
purchased from Cordis Laboratories, Miami, Fla. 
Antiserum to B antigen of C3 was prepared by 
absorbing antiserum to C3 with the minimal amount of 
aged normal human serum which fully removed 
antibodies to the A and D antigens.” The antisera to 
factor B and C2 were absorbed with heated normal 
serum (50°, 30 min). The antiserum to properdin was 
absorbed with properdin depleted serum?! and the 


TABLE 2. Clinical Characteristics of Septic Medical Patients Without Trauma 








Patient Infecting Underlying Days Post 
No. Sex* Age Microorganism Disease Infectiont 
l M 74 Serratia marcescens Chronic obstructive lung disease 0 
2 F 54 Klebsiella pneumoniae Myasthenia gravis 3 
3 P 52 Serratia marcescens Organic brain syndrome with 
ruptured appendix 3 
4 M 73 Enterobacter cloacae Intercerebral hemorrhage 0: 
5 M 62 Escherichia coli Carcinoma of lung 2 
6 F 38 Staphylococcus aureus None 1 
7 M 54 Streptococcus pneumoniae Pneumonia 0 
8 M 30 Escherichia coli Chronic alcoholism with hepatitis, 
gastrointestinal bleeding with 
peritonitis 0 
9 M 60 Staphylococcus aureus Chronic alcoholism with hepatitis 0 
10 F 39 Streptococcus pneumoniae Pneumonia 0 





* M = male; F = female. 


f Days post infection indicates the number of days after the blood culture was obtained that the serum sample was collected. Zero 
indicates that the culture and serum sample were obtained on the same day. 
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Fic. 1. Immunochemical levels and functional activity of com- 


ponents of the classical complement pathway in the sera of ten 
patients with abdominal trauma. The dots represent values for each 
patient, and the the dotted horizontal lines represent the mean 
values for the patient group. The shaded areas represent the normal 
ranges (mean + 2 SD) for each determination. The solid horizon- 
tal lines represent the normal mean values. Statistical analysis was 
performed by the Student t test. 


antiserum to KAF was absorbed with normal human 
serum heated at 56° for two hours. All of the procedures 
removed antibodies to contaminating proteins. Anti- 
sera to human C4 and C5 contained only antibodies to 
each respective protein. Each antiserum in agarose 
yielded single lines against normal human serum in 
immunoelectrophoresis and double immunodiffusion 
and complete identity in double immunodiffusion with 
reference goat antiserum to each respective protein. 
The reference antisera to factor B, KAF, properdin, 
C4, C2, C5, and B antigen of C3 were generously 
provided by Dr. C. D. West. Rabbit antisera to human 
Clq, IgG, IgM, and IgA were purchased from Behring 
Diagnostics. Total hemolytic complement (CHj4) was 
titrated by the method of Kabat and Mayer.?? 

Inulin (100 mg/ml), or cobra venom factor (CoVF) 
(100 units/ml) (Cordis Laboratories) was added to 
serum in the proportion of 10 ul of activating substance 
of 100 ul of serum, and the mixture was incubated for 
one hour at 37°. Concentration of B antigen of C3 was 
determined by radial immunodiffusion before and after 
incubation with the activating substance, and the 
difference in concentration taken as a measure of C3 
conversion.” 


Results 
Levels and activities of components of the classical 
and alternative complement pathways were first meas- 
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ured in the sera of the trauma patients. The classical 
pathway as measured functionally by total hemolytic 
component (CH;,) was reduced in the patients’ sera 
(p < 0.005) (Fig. 1). Immunochemical levels of the 
classical components Clq and C4, were slightly 
decreased in the trauma sera in comparison to the 
normal mean levels of these components, however the 
reductions were not statistically significant by the 
Student t test at a p value of less than 0.05. The 
immunochemical levels of C2 and C3 were found to be 
normal in the sera from the trauma patients. The 
decrease in CH; appeared to be related to the level of 
C5 which was found to be significantly reduced in the 
patients' sera (p « 0.01). 

Immunochemical and functional activities of com- 
ponents of the alternative pathway were also found to 
be abnormal in the sera of the trauma patients. C3 
conversion by CoVF and immunochemical levels of 
properdin and KAF were found to be significantly 
reduced in the sera of the trauma patients (p « 0.025) 
(Fig. 2). C3 conversion by inulin and factor B levels 
were found to be normal in the patients' sera. 

Immunoglobulin levels were also measured in the 
sera from the trauma patients. Levels of IgG, IgA, and 
IgM were reduced in the trauma sera (Fig. 3). However, 
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Fic. 2. Immunochemical levels and functional activity of components 
of the alternative complement pathway in the sera of ten patients 
with abdominal trauma. The dots represent values for each patient, 
and the dotted horizontal lines represent the mean values for the 
patient group. The shaded areas represent the normal ranges 
(mean + 2 SD) for each determination. The solid horizonal lines 
represent the normal mean values. Statistical analysis was performed 
by the Student t test. ` 


Inulin 


* 
Ann. Surg. e July 1978 
* 


Pd 


Dd 


* Vol. 188 e No. 1 





Qt 


6000 





IgM 


IgA 


Fic. 3. Levels of IgG, IgA, and IgM in the sera of ten patients with 
abdominal trauma. The dots represent values for each patient, 
and the dotted horizontal lines represent the mean values for the 
patient group. The shaded areas represent the normal ranges 
(mean + 2 SD) for each determination. The solid horizontal lines 
represent the normal mean values. Statistical analysis was performed 
by the Student t test. 


the only significant reduction was in the level of IgM in 
the patients' sera (p « 0.01). 

Levels and activities of components of the classical 
and alternative complement pathways were next de- 
termined in the sera of the ten septic patients without 
trauma. Although three of the patients (£2, 5, and 8) 
had decreased total hemolytic complement, the. mean 
CH, for the patient group was increased over the 
normal mean value (Fig. 4). The decrease in CH; was 
not found to be related to the time of sample collection. 
The normal mean values for immunochemical levels of 
Clq, C4, C2, C3, and C5 in the patient group were 
equivalent to the normal mean values for these 
components. 

Conversion of C3 by inulin or CoVF was normal in 
the septic nontrauma patients (Fig. 5). Immunochemi- 
callevels of factor B, KAF, and properdin were normal 
or elevated in the patients' sera. These results indicated 
that the alternative complement pathway was also 
normal in the sera of this patient population. 

Immunoglobulin levels were also measured in the 
patients' sera (Fig. 6). The level of IgG in the sera 
was normal, whereas the level of IgA was markedly 
increased. The level of IgM was significantly decreased 
in the sera of the septic patients when compared to 


normal values (p value « 0.025). 


HOST DEFENSE FOLLOWING TRAUMA II 


105 





70 
250 
60 
50 200 
P i 
S S 
$ 40 È 
< X 
8 30. S 
$ ioo * 
20 
50 
IO 
0 O 


CHsọ CI C4 C2 C3 C5 

Fra. 4. Immunochemical levels and functional activity of components 
of the classical complement pathway in the sera of ten septic non- 
trauma patients. The dots represent values for each patient, and 
the dotted horizontal lines represent the mean values for the patient 
group. The shaded areas represent the normal ranges (mean + 2 SD) 
for each determination. The solid horizontal lines represent the normal 


mean values. Statistical analysis was performed by the Student t test. 


Discussion 


Multiple abnormalities of humoral components of 
host defense have been characteristically observed fol- 
lowing burn injury. We previously determined the 
temporal sequence of alterations of complement, 
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Fic. 5. Immunochemical levels and functional activity of components 
of the alternative complement pathway in the sera of ten septic nor- 
trauma patients. The dots represent values for each patient, and the 
dotted horizontal lines represent the mean values for the patient 
group. The shaded areas represent the normal ranges (mean + 2 SD) 
for each determination. The solid horizontal lines represent the normal 
mean values. Statistical analysis was performed by the Student t test. 
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Fic. 6. Levels of IgG, IgA, and IgM in the sera of ten septic non- 
trauma patients. The dots represent values for each patient, and 
the dotted horizontal lines represent the mean values for the patient 
group. The shaded areas represent the normal ranges (mean + 2 SD) 
for each determination. The solid horizontal lines represent the 
normal mean values. Statistical analysis was performed by the Stu- 
dent t test. 


immunoglobulins, and opsonic factors in thermally in- 
jured patients.$^? In addition, we have identified those 
humoral abnormalities which were related to the 
severity of the burn injuries and those associated 
with septicemia. We hypothesized that the changes in 
humoral factors which were unrelated to burn size 
might not necessarily be a direct consequence of burn 
injury but might be the result of trauma in general. 
Moreover, it was of importance to determine if 
complement consumption which was found to be as- 
sociated with septicemia in the burned patients was 
merely the consequence of the infection per se or 
resulted from a synergistic effect between the infection 
and the burn injury. 

Abnormalities of both the classical and alternative 
complement pathways were found to occur im- 
mediately following severe blunt or penetrating ab- 
dominal trauma. Conversion of C3 by CoVF which 
is a functional measurement of the alternative 
pathway was reduced in the sera of the trauma pa- 
tients, and decrease in the level of properdin and 
KAF was also demonstrated in the trauma sera. CH, 
a functional measurement of the classical pathway, 
and the immunochemical level of CS were also de- 
creased. Conversion of C3 by inulin and levels of 
factor B, Clq, C4, C2, and C3 were found to be normal 
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in the patients' sera. None of the alterations was 
found to be related to the type of abdominal injury. 
It is unclear why C3 conversion by CoVF was 
reduced in the trauma sera, whereas C3 conversion 
by inulin in the sera was normal. C3 conversion by 
inulin requires factors B, D, initiating factor, C3, and 
magnesium ions,?2?? and C3 conversion by CoVF 
requires factors B, D, magnesium ions, and an addi- 
tional euglobulin termed factor E.!? It is possible that 
the sera from the trauma patients was deficient in 
factor E in addition to properdin and KAF. Further 
studies are required to determine the identity and 
significance of deficient or abnormally functioning al- 
ternative pathway components in the sera from trauma 


` patients. 


Reduction in C5 in the trauma sera could have 
resulted from decreased KAF. KAF inactivates C3b 
which is required for formation of the alternative 
pathway C5 convertase, C3b, B, P.!9?3 A decrease in 
KAF would cause an increase in C3b which through 
formation of the C5 convertase would result in in- 
creased turnover of C5. Activation of C5 leads to con- 
sumption of C6—9, and therefore these components are 
probably also reduced in the trauma sera. 

A decrease in serum IgM was also observed in the 
trauma patients. A concomitant reduction in serum 
IgM? and properdin"? levels has previously been 
demonstrated in splenectomized children. Decrease in 
IgM level in patients with sickle cell disease has 
correlated well with splenic afunction as measured by 
spleen scanning.'® In addition, children who undergo 
splenectomy for various hemolytic diseases or for 
traumatic rupture of the spleen have decreased IgM 
levels, supporting the concept that there is a correlation. 
between splenic mass and concentration of this im- 
munogiobulin.?" The reduction in IgM concentration 
does not appear to be the result of decreased 
splenic IgM synthesis, since IgM synthesis could 
be adequately assumed by other reticuloendothelial 
and lymphoid tissue. All of our patients had splenic 
trauma and all of those that survived subsequently 
underwent splenectomy. Thus, the decrease in IgM 
concentration in the sera of our patients may have been 
related to spleen damage. Our future studies will be 
designed to determine the correlation between spleen 
function and IgM level in the trauma patients in. 
an attempt to determine the mechanism of the reduc- | 
tion in the level of this immunoglobulin. In addition, 
it will be of interest to determine the relationship 
between splenic function and reduction in properdin, 
KAF, and C5 in the trauma patients. 

There have been virtually no investigations into the 
sequential effect of non-burn trauma on humoral host 
defenses. In addition, there are few studies that pro- 
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vide experimental evidence that non-burn trauma does 
indeed increase susceptibility to infection. Conolly et 
al. found significantly more infections in rabbits 
injected subcutaneously with P. aeruginosa and sub- 
jected to mechanical trauma to the thigh than con- 
trol animals that did not receive this injury.!? Cuthbert- 
son et al.!* subjected patients with bone fractures to 
varying degrees of cold temperature, 20? and 30? re- 
spectively. Levels of IgG were the same in both 
groups, however some minor fluctuations in IgM level 
were observed during ten days in the group subjected 
to the lower temperature. The changes were not im- 
pressive, since all variations were within the nor- 
mal range. 

Studies on the effects of wound trauma on humoral 
antibody responses are also limited. Havens et al.'5 
could detect no reduction in the antibody response 
to diphtheria toxoid in shick-negative wounded pa- 
tients. Balch showed that the secondary response to 
tetanus toxoid was normal in trauma patients.’ 

Trauma has been shown to depress clearance by the 
. reticuloendothelial system,??:9 1425 phagocytosis by 
neutrophils,'* and cell mediated immunity.” These 
changes are of short duration lasting during the first 
few days after trauma and are followed by restoration 
of normal activity. The cause and significance of 
cellular abnormalities is unknown. 

It is obvious from our pilot study demonstrating 
changes in humoral components of host defense in 
trauma patients that further comprehensive studies 
on larger numbers of patients are needed. It will 
be important.to determine the cause and significance 
of the humoral abnormalities which occur following 


-—trauma and to determine the duration of the abnor- 


malities. It will also be important to confirm our 
results indicating that reduction in properdin and IgM 
are a result of trauma in general, and that reduction 
in C3 conversion by CoVF and levels of KAF and 
C5 are unique to nonburn trauma patients. 

Our study did not identify any reduction in com- 


ponents of the classical or alternative complement — 


pathways in septic patients without trauma, suggesting 
that complement consumption in the septic burned pa- 
tients was a result of synergism between the in- 
fection and the trauma. McCabe? previously showed 
that C3. levels were decreased in medical patients 
with septic shock, as compared to C3 levels in pa- 
tients with uncomplicated bacteremia. The frequency 
of occurrence of shock or fatal outcome paralleled 
the degree of lowering of C3 levels in the patients. 
Fearon et al. subsequently demonstrated decreased 
immunochemical levels of factor B, properdin and C3, 
~ C5, C6, and C9 in patients with septic shock in 
comparison to those patients with uncomplicated bac- 
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teremia, suggesting that consumption of complement 
occurred via the alternative pathway. Mean levels of 
classical components Clq, C4, and C2 in the bacteremic 
patients in whom shock subsequently developed did 
not differ from those in patients with uncomplicated 
bacteremia. 

Although none of our medical septic patients was 
hypotensive at the time of serum sample collection, 
four of the ten patients died of septic shock on the 
following day, and no complement consumption was 
demonstrated in these patients. In addition, con- 
sumption of the classical complement pathway was 
demonstrated in septic burned patients who were not 
hypotensive and survived (refer to preceding paper). 
These observations suggest that classical complement 
pathway consumption associated with septicemia is 
unique to the thermally injured patient and is probably 
related to the increased number of microorganisms cir- 
culating in the blood of the burned patients. 
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UTURE REMOVAL 


Replace sutures with STERI-STRIP Skin Closures for enhanced 
wound healing, a finer scar, less chance of infection: 


Sutures removed 72 hours postoperatively. 38 days postop. 


I-STRIP Brand 

losures make 
utu removal possi- 
ble at a point that is 
most beneficial to the 
wound — 72 hours 
postoperatively.’ The 
wound develops ten- 
sile strength faster 
due to the uniform 
stress applied to 
collagen fibers and 
fibrils, causing rapid 
fiber orientation. 
When sutures are re- 
moved early STERI- 
STRIP Skin Closures 
provide firm support, 
reduged suture effects 
andibreater patient 
comtort. 


`> VINNESoA Vining and vian q 


Contact your 3M Sur- 
gical Products repre- 
sentative for further 
information. 3M Surgi- 
cal Products Division, 
3M Center, St. Paul, 
MN 55101. 


Free Wound 
Support Kit 


Your personal Wound 
Support Kit is now 
available. Simply re- 
turn the attached card 
or contact your 3M 
Surgical Products 
representative. 


Offer Limit: 1 Free Wound Support Kit 
Good until Dec. 31, 1978 
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SOA 


Quick Reference To 


Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 


This handy manual, packed with clinical data 
In easy-to-use outline form, is designed for in- 
stunt use in helping you evaluate the surgical 
emergency, make the diagnosis and carry out 
the indicated treatment. 

Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 


criteria... Radiologic procedures that are 
necessary... Anesthesia considerations . 


Fluid and electrolyte replacement. 

The patient evaluating techniques, diagnostic 

steps and surgical treatment are presented 

step-by-step with each individua! entry num- 

bered for simplicity. 

Subject matter includes emergencies occurring 

in the areas of general, orthopaedic. neuro- 

logic, ophthalmic, thoracic, plastic, urologic. 

head and neck. and pediatric surgery. 

All who are involved in surgical emergency 

treatment will appreciate this easy-to-use. 

time-saving manual. 

664 Pages e 50 Illustrations e 1974 
Flexible Binding e 323.75 
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Tablets 
Percocet -5 C 


DESCRIPTION Each tablet of PERCOCET*-5 con- 
tains 5mg oxycodone hydrochloride (WARNING: 
May be habit forming), 325mg acetaminophen 
(APAP). 

INDICATIONS For the relief of moderate to moder- 
ately severe pain. 


CONTRAINDICATIONS Hypersensitivity to oxyco- 
done or acetaminophen. 


WARNINGS Drug Dependence Oxycodone can pro- 
duce drug dependence of the morphine type and, 
therefore, has the potential for being abused. Psy- 
chic dependence, physical dependence and toler- 
ance may develop upon repeated administration of 
PERCOCET*-5, and it should be prescribed and 
administered with the same degree of caution 
appropriate to the use of other oral narcotic-contain- 
ing medications. Like other narcotic-containing 
medications, PERCOCET *-5 is subject to the Federal 
Controlled Substances Act. 


Usage in ambulatory patients Oxycodone may 
impair the mental and/or physical abilities required 
for the performance of potentially hazardous tasks 
such as driving a car or operating machinery. The 
patient using PERCOCET*-5 should be cautioned 
accordingly. 

Interaction with other central nervous system 
depressants Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) concomitantly with 
PERCOCET*-5 may exhibit an additive CNS depres- 
sion. When such combined therapy is contempla- 
ted, the dose of one or both agents should be 
reduced. 


Usage in pregnancy Safe use in pregnancy has not 
been established relative to possible adverse effects 
on fetal development. Therefore, PERCOCET®-5 
should not be used in pregnant women unless, in 
the judgment of the physician, the potential! benefits 
outweigh the possible hazards. 


Usage in children PERCOCET*-5 should not be 
administered to children. 


PRECAUTIONS Head injury and increased intra- 
cranial pressure The respiratory depressant effects 
of narcotics and their capacity to elevate cerebro- 
spinal fluid pressure may be markedly exaggerated 
in the presence of head injury, other intracranial 
lesions or a pre-existing increase in intracranial 
pressure. Furthermore, narcotics produce adverse 
reactions which may obscure the clinical course of 
patients with head injuries. 


Acute abdominal conditions The administration of 
PERCOCET *-5 or other narcotics may obscure the 
diagnosis or clinical course in patients with acute 
abcominal conditions. 


Special risk patients PERCOCET*-5 should be 
given with caution to certain patients such as the 
elderly or debilitated, and those with severe impair- 
ment of hepatic or renal function, hypothyroidism, 
Addison's disease, and prostatic hypertrophy or 
urethral stricture. 


ADVERSE REACTIONS The most frequently 
observed adverse reactions include light-headed- 
ness, dizziness, sedation, nausea and vomiting. 
These effects seem to be more prominent in ambu- 
latory than in nonambulatory patients, and some of 
these adverse reactions may be alleviated if the 
patient lies down. 


Other adverse reactions include euphoria, dys- 
phoria, constipation, skin rash and pruritus. 


DOSAGE AND ADMINISTRATION Dosage should be 
adjusted according to the severity of the pain and 
the response of the patient. It may occasionally be 
necessary to exceed the usual dosage recom- 
mended below in cases of more severe pain or in 
those patients who have become tolerant to the 
analgesic effect of narcotics. PERCOCET *-5 is given 
orally. The usual adult dose is one tablet every 6 
hours as needed for pain. 

DRUG INTERACTIONS The CNS depressant effects 
of PERCOCET *-5 may be additive with that of other 
CNS depressants. See WARNINGS. 


DEA Order Form Required. 


Endo Inc. 


Manati, Puerto Rico 00701 
Subsidiary of Endo Laboratories. Inc 
Subsidiary of the DuPont Company 


FOR MODERATE TO MODERATELY SEVERE PAIN 








Reliable oral narcotic analgesia... 


The narcotic component in PERCOCET®-5 
is oxycodone, which is readily absorbed and provides 
dependable oral analgesia — usually within 15 to 
30 minutes. Oxycodone can produce drug depend- 
ence of the morphine type and should be prescribed 
with the same degree of caution appropriate to the 
use of other narcotic-containing medications. 





&ndo Inc. 


Manati, Puerto Rico 00701 ~ F «aU POND é 
Subsidiary of Endo Laboratories; Inc“ 


Subsidiary of the DuPont Company 


Acetaminophen 
with the narcotic 
difference 


. eachscored tablet contains 5 mg oxycodone HC! 


PERCOCET” is a registered trademark of Endo Inc. 
Please see facing page for Brief Summary of prescribing information. 
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... aspirin free 


Acetaminophen is a non-narcotic analgesic 
widely used for aspirin-sensitive patients. Equivalent 
to aspirin in analgesia, it complements the pain relief 
provided by oxycodone. 

The usual dose of PERCOCET *-5 is one 
tablet every six hours, providing convenience and 
economy for your patients. PERCOCET *-5 is ideally 
suited for your patients with aspirin sensitivity, 
with hemostatic disturbance, with peptic ulcer or on 
anticoagulation therapy. 


- Tablets. T 
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(WARNING: may be habit forming) and325 mg 
acetaminophen 


“When aspirin is > 1 
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contraindicated. A 
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Improved 
braided construction 
results in: 


Superior smoothness 

Better knot security 

Improved handling characteristics 

— |n addition to the other benefits 
VICRYL suture is known for. Available 
dyed and undyed on a wide variety 
of needles. 


Available braided, 
dyed and undyed. 


EIHICON 


the closing word 


* Trademark (See next page for complete product information.) € ETHICON, INC. 1978 


Revised: 6/77 * 





COMPLETE PRODUCT INFORMATION 


VICRYL * (Polyglactin 910) 
Synthetic Absorbable Suture 


DESCRIPTION VICRYL (polyglactin 910) synthetic ab- 
sorbable suture is prepared from a copolymer of glycolide 
and lactide. These substances are derived respectively from 
glycolic and lactic acids. The empirical formula of the co- 
polymer is (C,H,O,)m(C,H,O, )n 

VICRYL sutures are sterile, inert, nonantigenic, nonpyro- 
genic, and elicit only a mild tissue reaction during absorption 
The braided and monofilament sutures are colored violet to 
enhance visibility in tissue. The braided suture is also avail- 
able undyed (natural) 


ACTIONS Two important characteristics describe the in 
vivo behavior of absorbable sutures: first, tensile strength 
retention, and second, the absorption rate (loss of mass) 


Subcutaneous tissue implantation studies of VICRYL suture 
in rats show at two weeks post-impiantation approximately 
5596 of its original tensile strength remains, while at three 
weeks approximately 20% of its original strength is retained 


Intramuscular implantation studies in rats show that the 
absorption of VICRYL suture is minimal until about the 40th 
post-implantation day. Absorption is essentially complete 
between the 60th and 90th days 


INDICATIONS VICRYL synthetic absorbable suture is in- 
tended for use as an absorbable suture or ligature 


CONTRAINDICATIONS This suture, being absorbable 
should not be used where extended approximation of tissues 
under stress is required 


WARNINGS The safety and effectiveness of VICRYL (poly- 
glactin 910) suture in neural tissue, and in cardiovascular 
Surgery have not been established 


Under certain circumstances, notably orthopecic proce- 
dures, immobilization by external support may be employed 
at the discretion of the surgeon 


Do not resterilize 


PRECAUTIONS VICRYL suture knots must be properly 
placed to be secure. Place the first throw in precise position 
for the final knot, using a double loop; tie the second throw 
Square, using horizontal tension; additional throws are 
advisable 

Skin and conjunctival sutures remaining in place longer than 
7 days may cause localized irritation and should be removed 
as indicated 


Acceptable surgical practice must be followed with respect 
to drainage and closure of infected wounds 


ADVERSE REACTIONS Reactions reported in clinical 
trials which may have been suture related have been mini- 
mal. These include skin redness and induration, rare in- 
stances of hemorrhage, anastomotic leakage, wound 
separation in the eye, and abscesses 


DOSAGE AND ADMINISTRATION Use as required per 
operation 


HOW SUPPLIED VICRYL sutures are available sterile, as 
braided dyed (violet) and undyed (natural) strands in sizes 
3 to 8-0, in a variety of lengths, with and without needles, 
and on LIGAPAK® ligating reels. VICRYL sutures, mono- 
filament, dyed (violet) are available in sizes 9-0 and 10-0, 
in a variety of lengths with needles 


Also available in sizes 1 to 4-0 attacned to 
CONTROL RELEASE” needles 


Trademark 


ETHICON 
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EDUCATIONAL 
TELEVISION 
TAPES IN 
MICROSURGERY 


by John L. Fox, M.D. 


West Virginia University 
Medical Center 


In response to multiple requests for these tapes, 
copies are being made available for purchase. The 
tapes are one half to one hour long and are available 
on 3/4 inch video cassette or Betamax cassette. All 
tapes are in color taken through an operating micro- 
scope. Specify selection and tape format and send 
check or institutional purchase order made out to: 


Crislip Communications 
P. O. Box 205 
Maidsville, WV 26541 


Microvascular Anastomosis: 
Carotid Artery of the Rat — 7 tape: $190.00 
STA - MCA Anastomosis — 2 tapes: $170.00 each 


NEW 
MINIATURIZED 
DOPPLE 


The Doplette® 10 port- fX! ES, 
able Doppler probe is BI A. 
a completely self- 
contained pen-sized 
Doppler device that 
transforms a standard 
stethoscope into a tool 
with significant new " a 
diagnostic usefulness. A - 
Because the Doplette 10 fà À ii 
can be gas sterilized, it becomes a valuable 
adjunct to the surgical suite. And, with shirt- 
pocket convenience and diagnostic capability, 

its versatility is extended to office, clinic or patient 
rounds for a wide variety of vascular applications. 
Includes batteries and cassette tape of typical 
Doppler sounds. For more information contact : 


Physio-Control * 
11811 Willows Road, Redmond, Washington 98052 
206/883-1181, Cable: PHYSIO-RED, Telex: 32-0166 
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New Sodium-Free 


velosef 


for infusion 
STERILE CEPHRADINE 





New formulation 
* Available as 2 g Cephradine in 200 ml infusion 
bottles 


e Easy to prepare—simply add 150 ml cr 200 ml of diluent 
to constitute, for approximate concentrations of 13.3 
mg/ml or 10 mg/ml of cephradine, respectively. 

«Same broad range of indications* as the other form 
of parenteral cephradine 


New advantages 
* Enables you to treat serious susceptible infections in 
patients whose sodium intake should be restricted* 


e Solutions stable for up to 48 hours at room tempera- 
ture or 1 week at 5? C. 


New compatibility 

*Can be admixed with Lactated Ringer’s Injection 
U.S.P., and most other commonly used intravenous 
fluids 


*See Indications Section of Brief Summary on next page for a list of 
indications and susceptible organisms. 





DESCRIPTION: Velosef for Infusion (Sterile Cephradine) is sterile 
cephradine, a powder for constitution available in infusion bottles 
containing 2 g cephradine. 


INDICATIONS: This drug is indicated for the treatment of serious 
infections when due to susceptible strains of designated micro- 
organisms as follows: Respiratory Tract Infections due to Strepto- 
coccus pneumoniae (formerly D. pneumoniae), Klebsiella sp., H. 
influenzae, Staphylococcus aureus, and group A beta-hemolytic 
streptococci [penicillin is the usual drug of choice in the treat- 
ment and prevention of streptococcal infections, including the 
prophylaxis of rheumatic fever; Velosef (Cephradine, Squibb) is 
generally effective in the eradication of streptococci from the na- 
sopharynx; substantial data establishing the efficacy of Velosef in 
the subsequent prevention of rheumatic fever are not available at 
present]; Urinary Tract Infections due to E. coli, Pr. mirabilis, and 
Klebsiella sp.; Skin and Soft Tissue Infections due to S. aureus 
and group A beta-hemolytic streptococci; Septicemia due to 
Streptococcus pneumoniae, S. aureus, Pr. mirabilis, and E. coli. 

Note: Culture and susceptibility tests should be initiated prior to 
and during cephradine therapy. Renal function studies should be 
performed when indicated. 


CONTRAINDICATIONS: In patients with known hypersensitivity 
to the cephalosporin group of antibiotics. 


WARNINGS: Use cephalosporin C derivatives with great caution 
in penicillin-sensitive patients since there is clinical and labora- 
tory evidence of partial cross-allergenicity of the two groups of 
antibiotics; there are instances of reactions to both drug classes 
(including fatal anaphylaxis after parenteral use). 

Use cautiously and only when absolutely necessary in persons 
who have demonstrated some form of allergy, particularly to 
drugs. Serious anaphylactoid reactions require immediate emer- 
gency treatment with epinephrine; administer oxygen, I.V. 
steroids, and airway management (including intubation) as 
indicated. 


Usage in Pregnancy and Lactation: Although no teratogenic or 
anti-fertility effects were seen in reproduction studies in mice and 
rats receiving up to four times the maximum human dose, the 
safety for use in human pregnancy has not been established; 
weigh benefits in pregnant women against possible risk to the 
fetus. Cephradine is secreted in breast milk during lactation. 


Usage in Infants: Although this drug has been used effectively 
in infants, consider the benefits to risks ratio of the drug in the 
treatment of infants one month to one year of age since all labo- 
ratory parameters have not been extensively studied in this age 
group. Since safety for use in premature infants and in infants 
under one month of age has not been established, use of cephra- 
dine by infusion should be based on careful consideration of the 
benefits of the drug against the risk involved. 


New Sodium-Free 


velosef 


for infusion 
STERILE CEPHRADINE 





PRECAUTIONS: Prolonged use of antibiotics may promote over- 
growth of nonsusceptible organisms. Take appropriate measures 
should superinfection occur during therapy. 

Use lower daily dosage of sterile cephradine in presence of 
markedly impaired renal function. In known or suspected renal 
impairment, careful clinical observation and appropriate labora- 
tory studies should be conducted since cephradine in the usual 
recommended dosage will accumulate in the serum and tissues. 

To detect any side effects or unusual manifestations of drug 
idiosyncrasy, follow patients carefully. Discontinue drug and treat 
with the usual agents (e.g., pressor amines, antihistamines or 
corticosteroids) if a hypersensitivity reaction occurs. 

After treatment with cephradine, a false positive reaction for glu- 
cose in the urine may occur with Benedict's solution, Fehling's 
solution, or with Clinitest® tablets, but not with enzyme-based tests 
such as Clinistix® and Tes-Tape*. As with other cephalosporins, 
positive direct Coombs tests have been reported infrequently. 

Change injection site at appropriate intervals during long-term 
therapy to reduce risk of phlebitis from intravenous infusion. 


ADVERSE REACTIONS: Untoward reactions are limited essen- 
tially to G.I. disturbances and to hypersensitivity phenomena. The 
latter are more likely to occur in persons who have previously 
demonstrated hypersensitivity and those with a history of allergy, 
asthma, hay fever, or urticaria. 

The following adverse reactions have been reported following 
use of cephradine: G.l.—glossitis, nausea, vomiting, diarrhea or 
loose stools, tenesmus, abdominal pain. Skin and Hypersensitiv- 
ity Reactions—mild urticaria or skin rash, edema, erythema, pru- 
ritus, joint pains, drug fever. Blood—mild, transient eosinophilia, 
leukopenia and neutropenia. Liver—elevated SGOT and SGPT 
have been observed in approximately 1096 and 2% of patients re- 
spectively; elevated total bilirubin, alkaline phosphatase and LDH 
have been observed in a few cases; in most cases, values tended 
to return to normal after the end of therapy. Renal—mild rises in 
BUN have been observed in some patients treated with ceph- 
alosporins; their frequency increases in patients over 50 years 
old and in children under three. In adults for whom serum creati- 
nine determinations were performed, the rise in BUN was not ac- 
companied by a rise in serum creatinine. Others—headache, 
dizziness, dyspnea, paresthesia, candidal overgrowth, candidal 
vaginitis, hepatomegaly (isolated instances), and thrombophle- 
bitis at injection site. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: Available in intravenous infusion bottle (200 ml 
size) containing 2 g cephradine. © 1978 E.R. Squibb & Sons, Inc. 788-501 
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Colon Perforation After Kidney Transplantation 


STANLEY D. CARSON, M.D., RUUD A. F. KROM, M.D., KAZUHARU UCHIDA, M.D., KAZUHIKO YOKOTA, M.D., 


Between 1962 and 1977 approximately 2% of Denver kidney 
transplant patients developed colon perforation. The single 
commonest cause was diverticulitis of the left colon (6/13 cases). 
In spite of drastic reduction or discontinuation of immunosup- 
pression, only 5/13 patients survived for more than 90 days 
after operation. Analysis of this experience suggests that the 
high mortality rate associated with this complication can be re- 
duced by early operation which removes the perforation from 
the peritoneal cavity (either exteriorization or resection) with- 
out primary intestinal reanastomosis. We believe that candi- 
dates for kidney transplantation with a history of previously 
symptomatic diverticulosis coli should have elective colon re- 
section prior to transplantation. Any kidney transplant patient 
with lower abdominal signs should be investigated and treated 
aggressively. 


OLON PERFORATION HAS BEEN associated with a 
mortality rate of less than 45% in adults whose 
immune defenses have not been weakened by immuno- 
suppression, whether treated by staged operations or 
by primary resection.* Patients receiving immunosup- 
pressive medications after kidney transplantation have 
usually not survived colon perforation.?~” In this re- 
port 13 patients who developed non-traumatic colon 
perforation after kidney transplantation are analyzed, 
and recommendations are made for the management of 
this complication. 


Clinical Material 


Approximately 800 kidney transplants have been done 
at the University of Colorado Medical Center and the 
Denver Veterans Administration Hospital between 1962— 
1977. Table 1 outlines the age and sex ofthe 13 patients 
with colon perforation, their renal disease, the kidney 


Reprint requests: Richard Weil, III, M.D., Box C-305, University 
of Colorado Medical Center, 4200 East Ninth Avenue, Denver, Colo- 
rado, 80262. 


JOHN C. WEST, M.D., RICHARD WEIL, Ill, M.D. 


From the Department of Surgery, University of Colorado 
Medical Center, and the Denver Veterans 
Administration Hospital, Denver, Colorado 


donors, the locations ofthe transplants and colon perfo- 
rations, the operations performed, the time intervals 
between transplantation and perforation, the patient 
survival, and the causes of death. The cases are listed 
in chronological order, according to date of perforation, 
spanning a ten year time period from 1967 until 1977. 

The average patient age was 36 years at the time of 
perforation; there were four males and nine females. 
Four patients had related grafts and nine had cadaver 
kidneys. There was no correlation between the location 
of the transplant and the location of the perforation, 
which was sigmoid colon in 9/13 patients. The mean 
interval between transplantation and perforation was 
167 days, but 9/13 perforations occurred within three 
months of transplantation. The preoperative diagnosis 
was perforated hollow viscus in most cases, although 
small bowel obstruction and active colitis were each 
diagnosed in one patient preoperatively. 

The single leading cause of colon pérforation was 
diverticulitis coli, in 6/13 patients, all of whom had 
their perforations in the left colon. In four patients 
with left colon perforation, gross or microscopic ex- 
amination of the site of perforation did not reveal a 
cause. Disruption of appendiceal stump closure, focal 
colitis, and multiple colonic ulcerations each caused 
perforation in one patient. 

The symptoms of colon perforation in these thirteen 
immunosuppressed patients were not markedly different 
from those encountered in nonimmunosuppressed pa- 
tients: all of the patients had abdominal pain and some 
had additional gastrointestinal complaints (Table 2). 
Only 8/12 patients had fever (one patient's hospital 
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TABLE I. Clinical Characteristics and Survival in Thirteen Kidney Transplant Patients with Colon Perforation 


Age Side Location Interval 
& Renal of of Colon Cause of Between XP & Patient Suryjreri- 
Case Sex Disease Donor XP Perforation Perforation Operation Perforation Cause of Death 
I 46 CGN Cad. Left Sigmoid Diverticulitis Proximal 26 days* Died 25 days 
M colostomy Sepsis 
2 46 Unknown Rel. Unk. Sigmoid Diverticulitis Proximal colos- 200 days Died 10 days 
F tomy, 1° closure Sepsis 
3 20 CGN Rel, Rt. Transverse Focal colitis Resection, 1° 89 days Died 20 days 
F anastomosis Sepsis 
4 39 Polycystic Rel. Rt. Sigmoid Diverticulitis Colostomy, exteri- 63 days Died 23 days 
F orization Sepsis . 
3 51 CGN Cad. Left Sigmoid Diverticulitis Resection, end 66 days* Died 9 days 
M colostomy Sepsis 
6 46 TBP Cad. Rt. Cecum Disruptedap- 1° Closure, drainage 47 days Survived 2 y. 9 m. 
M pendiceal Myocardial Infarct. 
stump 
7 40 CGN Cad. Rt. Descending Diverticulitis Resection, 1° 281 days Died 23 days 
F anastomosis Sepsis 
8 55 Polycystic Cad. Rt. Sigmoid Idiopathic Exteriorization 21 days Surviving 444 yrs. 
F 
9 43 CGN Cad. Rt. Sigmoid Idiopathic Proximal 24 days* Died 12 days 
F colostomy Sepsis 
10 40 CGN Cad. Rt. Sigmoid Idiopathic Proximal 411 days Survived 118 days 
F colostomy Pneumocystis 
11 24 Pyelo. Cad. Left Sigmoid Idiopathic Resection, end 900 days Survived 92 days 
M colostomy Pulmonary embolus 
12 28 SLE Rel. Rt. Sigmoid Diverticulitis Resection, end 15 days Surviving 7 mos. . 
F colostomy 
13 i3 CGN Cad. Rt. Splenic Multiple co- Subtotal colectomy 28 dayst Died 49 days 
F flexure lonic ulcers 1° anastomosis Sepsis 


* Second transplant. 
1 Multiple previous transplants. 


chart, from 1968, could not be found); 9/12 patients had 
leukocytosis (WBC 10,000 cu mm); eight patients had 
signs of an acute abdomen; four patients had pneu- 
moperitoneum preoperatively. 


TABLE 2. Symptoms and Signs of Colon Perforation 
after Kidney Transplantation 


Symptoms 
Abdominal pain 13/13 
Constipation 4/12 
Nausea/Vomiting 4/12 
Anorexia 6/12 

Signs 
Fever 8/12 
Leukocytosis 9/12 
Acute Abdomen 8/13 
Direct Tenderness only 3/12 
Nontender Abdomen 2/13 
Pneumoperitoneum 4/12 
Hematochezia 1/12 


Operative intraperitoneal cultures were obtained in 
all patients; in most cases the material was cultured 
under anerobic as well as aerobic conditions. These cul- 
tures revealed a variety of large intestinal bacteria, 
chiefly E. coli (11 cases) and bacteriodes (nine cases). 
Antibiotic therapy was given to every patient, usually 
a combination of a penicillin or a cephalosporin plus 
an aminoglycoside. All 13 patients received antibiotics 
by the time of operation, and in some cases the anti- 
biotics were started preoperatively. 


Results 


Five of the 13 patients survived for at least 90 days 
after perforation; two patients are still alive, seven and 
52 months after perforation (Table 1). The duration of 
symptoms prior to operation appeared to have a strong 
influence on the outcome in the 12 patients for whom 
this information was available: 4/6 patients with pre- 
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TABLE 3. Preperforation Immunosuppression in Survivors (>90 days) and Nonsurvivors 
Prednisone Azathioprine Cyclophosphamide 
Patient mg/day mg/kg/day mg/day mg/kg/day mg/day mg/kg/day 
Nonsurvivors | : 
I 30 0.60 25 0.5 — — 
2 Unknown Unknown Unknown Unknown — — 
3 40 0.77 125 2.41 — — 
4 100 2.20 — — 50 1.1 
5 30 0.33 25 0.27 — = 
7 20 0.35 37.5 0.65 — — 
9 50 - 0.66 15 1,0 — =< 
13 I. 0.60 0 at ka = 
Mean + SE 40.7 + 10.82 47.9 + 18.37 l 50 
Survivors 
6 30 0.36 87.5 1.1 = = 
8 80 1.34 — — 50 0.84 
10 20 0.44 — — 30 0.66 
11 20 0.38 © 12.5 0.24 — — 
12 70 1535 125 2.4 — a 
Mean + SE 44.0 + 12.88 75.0 + 33.07 40 + 10.0 


— 


operative symptoms of less than 24 hours duration sur- 
vived for more than 90 days; only 1/6 patients with 
symptoms of greater than 24 hours duration survived 
for an equivalent time. 


All patients (except one anephric nonsurvivor, Case |. 


#13) were taking prednisone and azathioprine or cyclo- 
phosphamide at the time of perforation. In all 12 pa- 
tients immunosuppression was drastically reduced or 
discontinued at the time of perforation, except for a 


transient increase in corticosteroid to protect against 


acute adrenal insufficiency during and immediately 
after operation. There was no significant difference in 
the amount of preperforation prednisone received by the 
survivors compared to the nonsurvivors; mean azathio- 
prine dose was actually higher in survivors than non- 
survivors (Table 3). i 

There was a marked difference in survival according 
to the quality of kidney graft function during the first 
week after perforation: 4/6 patients with good post- 
operative renal function (serum creatinine <2.5 mg%) 
survived, compared to 1/7 survivors with postoperative 
serum creatinine >2.5 mg%. 

The operative procedures carried out and the results 
are listed in Table 4. Four patients with left colon perfo- 
ration had drainage of the site of perforation and prox- 
imal loop colostemy: 1/4 of these patients survived. 
Three patients had resection of the site of perforation 
(and in one case additional ulcerated colon) with pri- 
mary intestinal anastomosis: 0/3 survived. Three pa- 
tients had resection of the site of perforation and end- 
colostomy: 2/3 survived. Two patients had exterioriza- 
tion of the perforation: 1/2 survived. The single patient 


with disrupted appendiceal stump closure survived fol- 
lowing reclosure. Of the eight nonsurvivors, six had 
operations which either did not remove the site of per- 
foration from the peritoneal cavity or which included 
primary intestinal anastomosis. Of the four survivors 
of left colon perforation (excluding the fifth survivor 
following appendiceal stump reclosure), 3/4 had ex- 
teriorization or resection of the site of perforation with- 
out primary intestinal anastomosis. 

The reason for death in the eight patients who died 
within 50 days of perforation was sepsis in every case. 
Two patients died 90—120 days after perforation, of 
pneumocystis carinii pneumonia and pulmonary em- 
bolus; one patient died two years nine months after 
perforation, of myocardial infarction (Table 1); all three 
patients died with good graft function. Two patients are 
still alive, seven months and four and one-half years 
after perforation, with good graft function. 


Discussion 
Although nontraumatic colon perforation is an infre- 
quent complication following kidney transplantation, 


TABLE 4. Operation for Colon Perforation and 
Patient Survival (>90 days) 

Operation # Performed # Survived 

Proximal loop colostomy, drainage - 

Resection, colo-colostomy 

Resection, ileosigmoidostomy 

Resection, end colostomy 

Exteriorization of perforation 

Closure of appendiceal stump, drainage 
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occurring in approximately 2% of Denver patients and 
4% of Duke University patients,'? the lethality of this 
complication irdicates that its management needs im- 
provement. 

The relationship of corticosteroid therapy to gastro- 


duodenal ulceration is well-known; in addition colonic . 


ulceration has been associated with corticosteroid ad- 
ministration,!?776 and it is likely that prednisone con- 
tributed to the colon perforations described in this re- 
port. It is not clear whether the frequency of colon 
perforation is increased in patients receiving cortico- 
steroids compared to patients not receiving such medi- 
cations; however, a high mortality rate has been 
observed in so many reports of patients who have de- 
veloped colon perforations while receiving corticoste- 
roids ,?**7~11-14.15 including this report of 13 cases, that 
corticosteroid therapy must be strongly implicated, even 
though there was no significant difference in the amount 


of pre-perforation prednisone taken by survivors com- 


pared to nonsurvivors in Denver (Table 3). In a recent 
report of 13 acute colonic perforation associated with 
corticosteroid therapy in Boston (only two of which 
were in kidney transplant patients), 9/11 patients in 
whom the intraperitoneal findings were available for 
analysis had failed to wall off the perforation.!* 

Early diagnosis of colon perforation is more difficult 
in the presence of corticosteroid therapy.!* In some 
patients the presence of the iliac graft has caused a 
misdiagnosis of graft rejection. It has been suggested 
that all kidney transplant patients over the age of 40 
have barium enema examination before transplantation, 
to identify the presence of diverticulosis coli;’ it has 
also been suggested that water soluble contrast enemas 
be used in immunosuppressed patients with lower ab- 
dominal signs, to identify occult perforations earlier.’ 
We agree with both of these recommendations. 

The single leading cause of perforation in Denver 
was diverticulitis of the left colon, in 6/13 cases. Five 
of the six patients with perforated diverticulitis were 
at least 40 years of age at the time of perforation; the 
sixth patient was a 28-year-old woman with systemic 
lupus erythematosis (Case #12, Table 1) who was thought 
to have a diverticulum in the area of perforation but 
might have had a focal area of lupus vasculitis which 
was responsible for the perforation. This patient re- 
covered from the colon perforation, which was treated 
by resection with proximal and distal colostomies; how- 
ever, approximately two months later, while at home, 
she perforated a gastric ulcer into the retroperitoneum 
and had an additional long and difficult hospitalization 
before returning home again. 

Possible reasons for colon ulceration in the patients 
without diverticulosis coli, in addition to corticosteroids 
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and vasculitis, include uremic enterocolitis, fecal im- 
paction associated with antacid administration, and graft 
irradiation administered for rejection episodes. 

of these three factors seemed important etiologically 
in the Denver patients. 

In all 13 patients immunosuppression was drastically 
reduced or discontinued as soon as the diagnosis of 
colon perforation was made. The longest surviving pa- 
tient (Case #8, Table 1), now 4% years after idiopathic 
perforation of the sigmoid colon, had no immunosup- 
pression for one month after perforation and needed 
regular hemodialysis during this period; approximately 
four weeks after the perforation graft function began 
to return, immunosuppression was gradually restarted, 
and the graft has been functioning very well since then. 
The reason for her postperforation renal failure was al- 
most certainly nonimmunologic acute renal failure.. 

There is a clear relationship between the type of 
operation done and patient survival (Table 4). Four 
patients had proximal colostomy with drainage (Cases 
#1,2,9,10), two patients had resection of the perfo- 
ration and colo-colostomy (Cases #3,7), one patient 
had subtotal colectomy and ileosigmoidostomy (Case 
#13); of these seven patients in whom either the site 
of perforation was not removed from the peritoneal 
cavity or primary intestinal reanastomosis was done, 
only one patient survived for more than 90 days (14%). 
The six patients who died all died of sepsis. Two of 
the three patients with primary intestinal reanastomosis 
had definite anastomotic leaks contributing to ongoing 
sepsis and requiring reoperation (Cases #3,7); the third 
patient with primary intestinal reanastomosis died of 
sepsis due to intra-abdominal abscesses which could 
have been related to the intestinal reanastomosis (Case 
#13). Of the five patients who had resection of the 
perforation and end colostomy (Cases #5,11,12) or ex- 
teriorization of the perforation (Cases 44,8) —in whom 
the site of perforation was removed from the peritoneal 
cavity and immediate intestinal reanastomosis was not 
done—there were three survivors (60%). 

The infrequency of perforated sigmoid diverticulitis 
following kidney transplantation, approximately 1% in 
Denver, does not appear to warrant prophylactic elec- 
tive colon resection in patients with asymptomatic di- 
verticulosis coli, although the exact frequency of asymp- 
tomatic diverticulosis coli in kidney transplant patients 
is not known. However, the lethality of colon perfora- 
tion after transplantation in our opinion does warrant 
elective colon resection prior to transplantation if there 
is a history of previously symptomatic diverticulosis 
coli. Early diagnosis and treatment of lower abdominal 
signs in any patient who has a kidney transplant is clearly 
very important. 
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University Selection Criteria For Future Surgical Leaders 


OWEN H. WANGENSTEEN, M.D." 


C6 B UT CAN HE OPERATE?” one hears too frequently 


today from members of Search Committees on - 


the prowl for a new departmental Chairman, not 
only in American universities but in Britain and Europe 
too. Meeting here in High Hampton where many of 
' Halsted's surgical essays probably had their birth, it 
is entirely proper that this question be aired in this 
distinguished company. A virtuoso Paderewski or Fritz 
Kreisler or two of the scapel, is a lucky acquisition 
for any university surgical clinic; however, as every 
superb artist willingly admits, maintenance of the acme 
of skill requires daily practice. Is this the chief 
talent to be sought in future university surgical 
leaders? In this surgeon's view, it is timely to reassess 
the criteria that guided William Henry Welch in the 
selection and formation of the initial illustrious Hop- 
kins faculty. l 

Welch was handpicked by President Daniel Coit 
Gilman of The Hopkins and John Shaw Billings, 
Gilman’s chief counselor on faculty appointments, to 
become the first Dean and Professor of Pathology. 
Welch had enjoyed rich exposure to pathology and to 
microbiology, a science newly created for Robert 
Koch, in Germany. By disposition and training, Welch 
was eminently fitted for the position. He brought the 
first serious interest in microbiology to America. His 
primary ambition was to become a leader in pathology 


s Regents' Professor, Department of Surgery, University of Min- 
nesota, Minneapalis, Minnesota. 

Supported by the Ralph and Marian Falk, the Margaret W. Harmon 
and the Alice M. O'Brien Research Foundations. 


Presented at the Annual meeting of the Halsted Surgical Society, | 


November 4, 1977, High Hampton, North Caroliana. 
Submitted for publication: September 6, 1977. 


From the Department of Surgery, University of Minnesota, 
Minneapolis, Minnesota 


through emphasis upon research. Fate and circum- 
stances decreed otherwise; he became America's fore- 
most medical educator,!? whose innovative and wise 
proposals, teachers in all medical disciplines need to 
reexamine. 


Some Founders of Schools of Surgery 


As one runs through the list of surgeons who have 
played a significant role in the establishment of schools 
of surgery over the last two centuries, one thinks 
first of John Hunter!$ of London, then of Pierre 
Desault of Paris,$* Bernhard Langenbeck?? of Berlin 
and Theodor Billroth?? of Vienna; and in this country 
of William Halsted,? Harvey Cushing,’ Evarts 
Graham,'!? and Alfred Blalock.*?? Many others, in- 
cluding Allen Whipple, Edward Churchill, Dallas 
Phemister, Arthur Bevan and Lester Dragstedt also 
deserve mention. Of those eight surgeons who de- 
veloped a distinguished group of followers, only 
Hunter has come to be known primarily as a scientist. 

Hunter was not an inspiring lecturer; nor was he an 
impressive operating surgeon. His special talent was 
thje recognition of talent in his young proteges, 
whom he fascinated and inspired in intimate tete 4 
tete Socratic dialogues. _ 

Desault,® primarily a clinical surgeon, developed a 
large following and upgraded the status of surgery in 
Paris during his years at Hótel-Dieu (1785—1795) by 
spirited and sound teaching for that period. His teach- 
ings and practices had a profound influence upon 
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surgery in France that endured for half a century. In 
his history of Hótel-Dieu, Charles Coury$ said there 
were no distinguished teachers of surgery there before 
Desault. 

Bernhard Langenbeck?? was known primarily as a 
brilliant operating surgeon, a man with a magnetic 
personality who attracted many pupils and exercised 
great influence in surgery throughout Germany during 
his 35 year professorship at the University of Berlin 
(1848—82). He made no durable contribution to 
surgery's advance. Over 14 consecutive years he con- 
tinued as President of the German Surgical Congress 
(1872—1886), a reflection of his attractive personality. 

Billroth, Langenbeck's most distinguished pupil, was 
primarily an innovative surgeon with a solid back- 
ground of training in pathology who played an im- 
portant role in initiating elective visceral surgery. 
Billroth had broad intellectual interests, and a winsome 
personality that won both students and trainees to his 
ranks. During his 27 years at the University of Vienna, 
Billroth developed a great following of distinguished 
pupils, among others, Mikulicz of Breslau and Eisels- 
berg of Vienna, both of whom carried on in their 
teacher's tradition. 

Halsted, great scholar of surgery, during his 33 years 
at The Hopkins created the first distinguished school 
of surgery in America. Following the example of 
Theodor Kocher’? at Bern, Halsted developed a mode 
of gentle managment of tissues during operative pro- 
cedures, accompanied by careful hemostasis, that has 
come to supplant hasty operating in most surgical 
clinics.!? Halsted was not a brilliant lecturer, but like 
. Hunter and Billreth before him, constantly stressed the 
role of experimental surgery in the resolution of surgi- 
cal problems. When a new operation was to be 
undertaken in his clinic, Billroth and his surgical 
colleagues performed the procedure first on animals, 
persisting until all technical details had been re- 
solved?! only then was the operation carried out on pa- 
tients. Like Hunter, Halsted had a unique ability 
to recognize talent in his trainees. His surgical 
training program was eight years beyond the intern- 
ship,? a scheme which because of its breadth of 
training in all surgical specialties, produced extremely 
versatile and competent surgeons. From that large 
group, however, emerged only a few innovative 
surgeons, notably Harvey Cushing, Walter Dandy, and 
Emile Holman. 

Halsted, Cushing, Graham, Blalock and Dragstedt 
became members of the National Academy of 
Sciences as did Charles Higgins, John H. Gibbon, Jr. 
and Robert Gross. It would be incorrect, I believe, to 
characterize any of them, save Higgins, primarily as 
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scientists. They were great surgeons who employed 
scientific methods in their researches; each con- 
tributed considerably to surgery's advance. 

Cushing, probably more than any other teacher of 
surgery distinguished himself by creating and providing 
leadership for a new surgical discipline. Cushing 
came to have an international influence upon surgery, 
training a host of neurosurgeons, scattered widely 
throughout the world. Cushing? remarked concerning 
the experience of a few semesters spent in physio- 
logical research abroad (with Hugo Kronecker in Bern 
and Charles Sherrington in Liverpool), “I acquired 
more of real value for my surgical work than in 
my previous six years as a hospital intern," a 
statement the American Board of Surgery should take 
note of. 

Evarts Graham,” running counter to the advices of 
his senior colleagues, upon beginning surgical training 
at Rush Medical School in Chicago, took the long way 
around and spent more than two years acquiring a 
knowledge of chemistry and pathology in the labora- 
tories of H. Gideon Wells, Edwin LeCount, Ludwig 
Hektoen and Rollin Woodyaat. Graham's first im- 
portant contribution to surgery during his Chairman- 
ship of the Empyema Investigating Committee during 
World War I, when open drainage by rib resection 
was standard procedure. Graham rediscovered the 
principle of Hippocrates, delaying opening the pleural 
cavity until the exudate was thick,? thus avoiding 
reduction of vital capacity occasioned by mediastinal 
shift, a frequent occurrence in the streptococcal 
serous empyemas of World War I. Graham became 
one of the chief exponents of thoracic surgery in 
America, the originator of the American Board of 
Surgery (1937) anc leader in elevating the standards 
of surgical practice. His most significant surgical 
contribution, cholecystography, was an outgrowth of 
the work of The Hopkins pharmacologists! John Abel 
(1909) and Leonard Rowntree on the excretion of 
phenolsulfone dyes, a discovery Graham shared with 
Warren Cole. Graham was also one of the main 
sources of strength of the Washington University 
School of Medicine in St. Louis throughout his 
professional career there from 1919—1950 where he 
developed a fine school of academic surgeons in- 
cluding many who had come from abroad. Graham's 
influence upon surgery in America was great, exceed- 
ing by far his skill as an operating surgeon. 

Blalock, a Hopkins graduate, denied an opportunity 
to join Halsted's surgical training program de- 
veloped primarily at Vanderbilt University where 
together with Tinsley Harrison and others, he became 
immersed in experimental surgery.*?? He established 
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blood loss as the important factor in traumatic shock 
(1930). When he returned to The Hopkins in 1941, he 
addressed himself to problems of the circulation, con- 
centrating on paracardiac surgery. Blalock developed a 
great school of surgeons, whose influence and strength 
continue to be felt widely throughout America today. 


Some Qualities of Founders of Surgical Schools 


All mentors of conspicuously successful schools of 
surgery since John Hunter’s day have revealed an 
unfeigned enthusiasm for their work, complemented by 
an unswerving commitment, constant and consecutive 
industry to its demands. The manner of meeting those 
obligations, however, by leaders of distinguished surgi- 
cal schools has been singularly individualized. Hunter, 
without formal education, but possessed of a keen and 
inquiring intellect, attracted about him a large group 
of willing students who, in turn, replicated their 
kind in a succession of distinguished followers, an 
extension that continued in Britain beyond the time 
of Lister. 

In considering this extraordinary array of surgical 
teachers of great talent, it becomes obvious that the 
modern day university surgeon likely to develop a 
school of surgery, will be primarily a surgeon par- 
ticipating actively in research employing scientific 
methods in his own work and training program. Un- 
doubtedly, if John Hunter had lived a century later, 
after the arrival of surgical anesthesia and prophylactic 
surgical antisepsis, he too would have stressed opera- 
tion considerably more than he did. It is generally 
known that he was antithetic to operative surgery, 
as well he might have been to elective surgery 
during his time. 

What was missing in Hunter’s time for surgery’s 
advance was lack of interest by the entire medical 
profession in microscopy and microbiology.?! The 
largest magnification employed by Hunter in examining 
tissues was a hand lens. He knew nothing of bacteria. 
In fact, the pathogenic nature of pyogenic organisms 
awaited the conclusive proof of Robert Koch's 
(1876—78). It 1s astounding how little note was taken 
by biologists of the microscopic revelations of Hooke!? 
(1665), nor of the significant studies by Redi? 
(1668) upon the source of maggots in meat exposed to 
warm outside air; and of Leeuwenhoek's?' (1693—1718) 
descriptions of bacteria; and had the work of Spal- 
lanzani**^* (1767, 1776) on fermentation been ex- 
plored and pursued actively by biologists and by 
surgeons of Hunter's time, the mystery of suppurat- 
ing wounds that obstructed surgery's progress could 
certainly have come almost a century earlier. Henle’ 
(1840) surmised the pathogenicity of pyogenic bacteria, 
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but proof thereof awaited the work of Pasteur? 
(1863) and Koch (1878). 

Many British and American surgeons have often 
expressed the opinion that the current day surgical 
training program originated with Halsted. He, on the 
contrary, indicated that his plan was adopted from the 
German scheme of Bernhard Langenbeck and Theodor 
Billroth.^ With acceptance of prophylactic surgical 
antisepsis and the great expansion that created elective 
surgery, Billroth recognized the need for surgical 
house officers to be available on a 24 hour basis, man- 
dating their living within the hospital. In fact, Bill- 
roth effected this transition at Vienna's Allgemeines 
Krankenhaus in 1874, thus terminating the Operateur 
Institut formulated by v. Kern in 1807. Stromeyer,;? 
well known military surgeon of the mid nine- 
teenth century, in writing of his six years as pro- 
fessor of surgery at Freiburg (1842—1848) lamented 
the absence of available surgical house officers living 
in the hospital. Yet, the surgical residency training 
program, distinctly French in origin, as early as 1613 
required that five compagnons chirurgiens (surgical 
house officers) be lodged and fed in the Paris Hótel- 
Dieu with the Master Surgeon. By 1625, two of the five 
compagnons were required to sleep in the hospital.? 


Surgical Academicians First Responsibility Is 
To The University 


Teachers of surgery speak not alone for the profes- 
sion, but also for universities. It is their function to 
supply the environmental climate that will foster 
emergence of a spirited desire among trainees to up- 
grade surgery's advance while not neglecting providing 
communities with surgeons capable of the finest 
professional service the discipline can offer. A pre- 
scribed surgical training program for academicians 
shackles initiative and curbs renewal of the spirit, 
from which source the learning process derives its 
keenest stimulus. Removal of restraints upon uni- 
versity training programs for surgeons is in the interest 
of our great institutions of learning as well as surgery. 
Greater permissiveness in training particularly must be 
vouchsafed to young surgical academicians to whom 
we must look for the creative and innovative leader- 
ship that American surgery needs and desires. 

In the preface to one of his volumes on the History 
of His Own Times, G. M. Teubner,” primarily a pub- 
lisher but also a German historian of Greek culture 
complained of the need to sit in his chambers to earn 
his daily bread; said Teubner: '' My historical work is 
the most important and sublime occupation that man 
can have; it is a loftier thing than any worldly 
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business; and yet it is forced into the second rank 
in life's pilgrimage, and I am debarred from living 
the perfect life in the world of my desire." John 
Hunter in his day, complained of having to go out 
“to earn that damn guinea”? Today's fulltime 
academician is not fettered by the driving necessity 
to divide his time between the pursuit of a livelihood 
and his life's work. He is reasonably free to partition 
his time between the responsibilities of his office, 
as his own desires dictate. 


Division of the Surgical Academician's Time 


One of the most important questions every surgical 


academician has to resolve is how best to divide | 


his time among his many heavy and important re- 
sponsibilities, of teaching, research, and patient care. 
Does he aspire to become known primarily as a talented 
operating surgeon? Or an effective teacher of under- 
graduates and graduate students, or innovative 
scientific investigator? A standard reply to such a 
query addressed to a candidate for an important surgi- 
cal post is usually ‘‘of course, a balanced program.” 
Only an examination of how the academician actually 
does spend his days can provide a reliable and satisfy- 
ing answer to the above query. During his long 
period of training, he will have an opportunity for 
broad operative experience in the animal research 
laboratory as well as upon patients. Upon emer- 
gence as a full-time staff member, his professional 
life’s plan of action will soon become manifest in his 
daily work schedules. If he is an especially adroit 
surgeon, and thoroughly enjoys observance of the 
movements of his skilled hands, as do his assistants 
and student spectators, the directional trend of his 
future professional commitments is readily predictable. 
The Master of the scalpel at the height of his activity 
and the brilliant actor, occupy the center and the 
limelight of their professional stages, an achievement 
prized by their observers in memory for a generation. 
Is it not proper to inquire what the inordinate skill of 
great nineteenth century surgeons in brandishing ampu- 
tation knives contributed to surgery's advance? Is he a 
professor of the open or the closed door to students, 
residents, and associates? Does he provide buoyant 
and spirited encouragement to earnest students? Does 
he enjoy teaching and contacts with students? How 
often is he to be seen in his laboratory, and does he 
have an active and enthusiastic following there sharing 
in the activity? Does he profess a serious interest in 
research and can he provide factual proof thereof? 
Does he enjoy the thrill of discovery? Is he willing 
to pursue patiently and relentlessly leads on a baffling 
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problem? How often is he seen in the library? And 
what are his life's objectives? The answers to these 
questions will determine the likely future course of the 
surgical academician affirming an interest in the 
"balanced program.” 


Are Medical School Hospitals Becoming More 
Community Than University Oriented? 


Some medical educators? believe that many uni- 
versity teaching hospitals are drifting away from its 
parent, the university's medical school, certainly a 
regrettable circumstance if such separations were to 
become commonplace; admittedly, today's large uni- 
versity teaching hospitals are involved in big business. 
Their separation from the parent institution identifying 
them more closely with the community constitutes a 
boding omen, warning of the deterioration of their 
primary function as intellectual centers of learning 
and professional training. If this directional gravitation 
of university hospitals away from paramount academic 
objectives continues without restraint, the internal 
structure of all clinical departments obviously too will 
become more community than university oriented. 


Rise and Fall of Surgical Schools 


No school of surgery has remained dominant for 
long periods of time.?? Salerno, in the thirteenth 
century gave way to the illustrious Bologna School 
which produced surgeons of such competence that 
many of their names are still known to us: Theodoric, 
Bruno, Saliceto, Lanfranchi, and Henri de Mondeville. 
In turn, Bologna was succeeded by Montpellier and 
by famous schools of surgery in Paris, Edinburgh. 
London, Vienna, Berlin and Baltimore. Leyden. 
mother and nurse to the great Edinburgh school of 
surgeons, developed under Boerhaave a great school of 
physicians but a parallel school in surgery never 
materialized. 

This brief recital serves to emphasize the frequent 
shifts in preeminence of schools of surgery and other 
medical] disciplines from one city and institution tc 
other areas, a commonplace metamorphosis over the 
centuries. The ,duration of dominance appears to be 
more closely related to the qualities of leadership 
than to other factors. In the final analysis, a school is 
measured by the contribution of its faculty to the 
enlargement of its disciplines and by the quality of 
the proteges it trains to carry on. The genesis of the 
rise and decline of schools is not susceptible of ready 
assessment. Some vital factors influencing the situation 
are: the directional force of institutional and national 
aims; the status of the national economy; the pride of 
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communities in their institutions of higher learning; 
the level of national and community interest in and 
support of research. Even more significant, however, is 
the internal environmental climate within the school. 
Is there a patent, viable and genuine enthusiasm 
for the discipline? A lively and fervent zeal is 
like a highly contagious disease, quickly communicated 
to all participants in the common endeavor. It was the 
primary source of Langenbeck’s and Billroth’s great 
influence upon surgery in the second half of the 
nineteenth century. In this surgeon’s view, shared 
opportunity 1s the best paymaster of the surgical 
academician. The ardor of motivation and sincerity 
of selfless dedication, when accompanied by an 
obvious respect for scholarship and love of learning are 
the finest architects of a creative and innovative 
environment so essential for the development and en- 
durance of a school. A variety of talents characterize 
the leaders of great schools of surgery over past 
centuries, that eludes precise delineation into a 
standard pattern or model of performance. 

In his Swan Song on the occasion of retirement 
(1932) from the Deanship of the School of Medicine 
at Minnesota, Dr. Elias Potter Lyon said Kipling's 
regimental water carrier, Gunga Din, was the greatest 
Dean he had known. The primary function of the 
surgical academician is to create an atmosphere 
friendly to learning, a role in which the professor 
must not overlook the importance of being an effective 
water boy. 

Halsted’s scholarly paper on The Training of 
Surgeons (1904) in which he outlined The Hopkins 
Plan deserves to be read by all academicians. It 
produced scholarly competent, and versatile clinical 
surgeons. The Minnesota Plan gradually evolved into a 
training program also eight to ten years in length; 
with this difference, half of that time was spent in 
our experimental research laboratories or in those of 
the Department of Physiology, a scheme of training 
from which technically skilled operating surgeons regu- 
larly evolved, but not of the same versatility as Hal- 
sted’s trainees. In fact, the experimental laboratory, 
in this surgeon’s view, constitutes a unique plan in 
which to develop operative talent, and umcidentaly 
innovative surgical scholars too. 

May I conclude by saying that university search 
committees, on the prowl for a promising Surgery 
Head, likely to add distinction to their medical school, 
would serve that institution’s interests best if primary 
emphasis is not placed on the operative prowess of 
the candidate; but rather upon the prospect of his being 
a leader, an enthusiastic teacher and innovative surgeon, 
anxious to develop a strong department of surgery, 
and possibly a school of surgeons. 
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In my view, these should be among the search com- 
mittee's first considerations. Indispensable desiderata 
in a surgical leader, entrusted with the responsibility of 
building a strong department in which talented trainees 
are encouraged and provided with superb opportuni- 
ties to carry on the school's tradition, mandates from 
its leaders a strong interest in research and a manifest 
willingness to share opportunity freely with colleagues 
and trainees. Such a program would provide the finest 
assurances of producing innovative and impressive 
teachers and investigators for surgery's advance in 
future generations. Such were the criteria that 
Welch'"* employed in his search for professors to 
lead major departments at The Hopkins Medical 
School. Much of its success was owing to strong 
appointments such as Osler, Halsted, Mall and Abel. 
Gilman and Welch recognized that the Power of Ap- 
pointment is the University's most precious posses- 
sion. Is it not time for University. Search Com- 
mittees to return to the more critical criteria of 
Welch in seeking future leaders for their clinical 
departments? '*But can he operate?” should cease to 
be the predominant consideration of medical schools 
and their search committees in search of a promising 
future surgical leader. 
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. Surgery of the Trachea. M. I. Perelman. 295 pages. 
Moscow, Mir Publishers. 1976. 


SURGERY OF THE TRACHEA by Mikhail Perelman is the 
first full-length book on its subject. The author heads 
the department of thoracic surgery at the Institute of 
Clinical and Experimental Surgery of the U.S.S.R. in 
Moscow. He has had a long term interest in surgery 
of the trachea, bronchi and lungs. 

The book is revised from a 1972 Russian edition. 
It is based on experience in the operative manage- 
ment of 83 patients with a variety of tracheal 
lesions. This represents one of the world’s larger 
experiences. 

The first half cf the book is devoted to anatomy, 
physiology and diseases of the trachea: develop- 
mental anomalies, injuries, inflammatory diseases, 
tumors, stenosis and tracheo-esophageal fistulae. The 
second half considers operative techniques and anes- 
thesia. It is evident throughout that Professor Perel- 
man writes from a base of real experience in this 
subdivision of thoracic surgery. In each section he 
reviews pertinent references in Soviet and world 
literature, expanding in some detail on those he 
. considers most important. Appropriately, he places 
major emphasis on his own clinical experience. Case 
reports of special or unusual interest are liberally 
included. Although the author's attempt was not 
to be encyclopedic, coverage is quite complete. 

The book is a fine and scholarly contribution in 
this area of surgery. I should prefer to see the sec- 
tion on anatomy more closely correlated with surgery. 


In the chapter on trauma, I feel that the complexities - 


of management of tracheal trauma, occasioned by as- 
sociated laryngeal injuries, are insufficiently eluci- 
dated. But these are relatively minor differences in 
view. The exposition is clear and the main points 
are well covered. The Russian experience differs 
from the North American in that a greater proportion 
of our tracheal problems result from postintubation 
stenosis. Only 11 of the 83 cases were in this 
category. The absence of systematic follow-up data 
on the operated patients in all categories is disap- 
pointing. 

After two chapters on general principles of opera- 
tions on the trachea and on tracheostomy, Perelman 


divides his description of surgical technique into 
window resection, sleeve resection and operations 
on the tracheal bifurcation. Up to 1972 he had per- 
formed 19 sleeve resections and 19 resections of the 
carina. He concurs in the prevailing belief that pul- 
monary bypass is unnecessary for most tracheal 
surgery and a hazard in the most complex cases. He 
favors a temporary bronchotomy or tracheotomy be- 
low the site of resection for insertion of the anesthesia 
tube. Perelman’s usual approach to the trachea is 
similar to that in the U.S.A.—anterior for the upper 
trachea and transthoracic for the carina. The face- 
down position is favored, however, prohibiting the 
use of an adjunctive laryngeal release—a technique 
which is not even mentioned. Perelman remains 
pessimistic about the use of prostheses for cylindrical 
tracheal replacement. He recognizes that not all 
problems of tracheal reconstructive surgery are solved. 

There is an interesting section on closure of 
bronchopleural fistulae following pneumonectomy. 
Perelman’s approach is via median sternotomy through 
a clean field proximal to the fistula and, also, by 
thoracotomy through the opposite hemithorax. 

I had an opportunity to talk with Professor 
Perelman in June. His clinical experience in tracheal 
resection has increased considerably since the re- 
ported 1972 figures. He would, of course, like to 
update his book but it remains in its present form 
an excellent contribution to thoracic surgical scholar- 
ship. A special value of the book is in making the 
author’s excellent work available to the English reading 
surgeon. The translation is superior to that of his 
earlier book, Resection and Plastic Surgery of 
Bronchi, but the language remains cumbersome and 
imprecise in many places because of lack of familiarity 
with English idiom. The book is liberally illustrated 
although the color photographs are of variable quality. 
The bibliography is excellent. 

HERMES C. GRILLO, M.D. 


Osteoarthritis of the hip. Renato Bombelli. 136 pages. 
New York, Springer-Verlag. 1976. $67.80. 


PROFESSOR BOMBELLI PRESENTS a beautifully il- 
lustrated study of the natural history of untreated 
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primary and secondary osteoarthritis of the hip. Be- 
ginning with a concise summary of biomechanics of 
the normal hip, he projects by mathematical analysis 
the alterations of these forces created in the abnormal 
hip by the development of osteophytes. He concludes 
that valgus extension osteotomy produces widening of 
the joint space by impingement of femoral and 
acetabular osteophytes. This new space then fills with 
joint fluid to produce a hydraulic cushion relieving 
pain and promoting healing of articular cartilage. 

The radiographic follow-up presented certainly ap- 
pears to produce in an hour what nature requires 
years to accomplish, but in the absence of proof other 
than two dimensional radiographs we must question 
whether widening of the joint space represents hydro- 
dynamic change and healing of cartilage. The detailed 
mathematical analyses may not completely explain the 
biologic processes occurring after valgus extension 
osteotomy. 

Surgeons in this country find the results of osteotomy 
of the hip less predictable than the author’s routinely 
good results following valgus extension osteotomy, and 
many would be hesitant to recommend the procedure 
for the shallow acetabulum with a subluxing femoral 
head.. Hopefully, by following his techniques, others 
can reproduce results as good as those of the author. 

DoNALD E. McCoLLuM, M.D. 


Microcirculation — Blood-vessel Interactions Systems in 


Special Tissues. J. Grayson and W. Zingg (eds.) 420 
pages. New York, Plenum Press. 1976. $32.00. 


THIS VOLUME REPRESENTS a collection of the papers 
presented in an interdisciplinary symposium on the 
microcirculation held in 1975. The major strengths of 
the monograph include the overview papers which 
bring us up to date concerning our current state of 
knowledge relative to this area of the circulation. It is 
clear that the direction of research in this area is 
gaining momentum because of the combined attention 
of physiologists, engineers, hematologists, and bio- 
chemists, which has been complemented by the critical 
discoveries relative to the anatomy of the micro- 
circulation as revealed by electron microscopy. 

The remainder of the volume consists of brief 
. papers which are abstracts covering a wide variety of 
topics ranging from methodology, factors influencing 
red cell interactions, structure, flow patterns, and 
thrombosis. A separate section is devoted to the 
lymphatics with the remainder devoted to blood flow in 
special tissues. 

Unfortunately, the topics, covered in the abstracts 
are so diverse and incomplete that they provide 
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only a brief introduction to the field. The volume 
is best described as a glimpse at the field and will be 
of little value to the surgeon unless he or she has 3 
specific interest in the problems relating to the micro- 
circulation. It serves probably best as a look into the 
future and the direction research is taking and the 
type of information that might be forthcoming in this 
important field. 

D. EUGENE STRANDNESS, M.D. 


Motor Disorders of the Esophagus. Robert D. Hender- 
son. 23] pages. Baltimore, Williams and Wilkins. 


1976. $22.50. 


THIS BOOK IS WRITTEN for surgeons. It presents a 
clear, concise and up-to-date report on the various 
esophageal disorders of motor origin. The 21 chapters 
are well divided into six sections. The first section 
reviews the basic mechanism involved in normal con- 
trol and function of the organ. It provides a good 
classification of the problems to be studied. 

The eight chapters concerned with hiatal hernia 
emphasize justifiably so, the clinical aspects of this 
condition. The various means of basic investigation 
are described and evaluated in their proper per-. 
spective. The indications and approaches for surgical 
treatment are discussed in four chapters with a 
critical appraisal of the present status of the various 
antireflux procedures currently in use. This section of 
the book also includes a presentation of the initial 
experimental and clinical background of the contro- 
versial Collis gastroplasty associated with the Belsey 
Mark IV repair. | 

Achalasia and diffuse spasm are treated adequately 
with a good description of their clinical, radiological, 
and manometric findings. A clear differentiation is 
made between primary and secondary spasm. 

Scleroderma and related disorders are reviewed with 
their medical and surgical management. 

Oropharyngeal dysphagia, very often a poorly docu- 
mented area of esophageal investigation is very well 
treated in a section on pharyngoesophageal problems. 
Here again proper emphasis is put on symptoms and 
clinical presentation. 

The last section on diverticula and mixed esophageal ` 
problems deals with less frequent conditions, their 
investigation and management. 

The whole book is schematically illustrated, and 
good classifications and tables add to its value. All 
disorders are illustrated by case reports, their investi- 
gation and management. Manometric tracings are 
clearly presented but ideally should read with their 
original grid. A complete chapter on technical aspects 
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of esophageal manometry; it's interpretation, it's 
strength and weaknesses would have been welcome 
‘in a textbook on motor disorders of the esophagus. 
In summary, this is an excellent work. All 
physicians, internists, as well as surgeons, interested 
in esophageal problems should read it. 
ANDRE DURANCEAU, M.D. 


Treatment of Injuries to Athletes—3rd edition. Don 
H. O'Donoghue. 834 pages. Philadelphia, Saunders, 
1976. $27.50. 


THE THIRD EDITION of “Treatment of Injuries to 
Athletes” is an excellent treatise which completely 
covers all aspecis of illness and trauma seen in 
athletes of all ages. Dr. O'Donoghue included chapters 
on management of hand injuries, neurologic injuries, 
and rehabilitation. He has drawn upon his wide 
experience in the treatment of athletes as a resource 
for the description of the pathophysiology, the diag- 
nosis and his recommended treatment for almost 
every conceivable injury that might befall an athlete, 
male and female. 

This is a useful, basic book which will be appreci- 
ated most by those who are responsible for the care 
of athletes at any level. For the experienced ortho- 
paedic surgeon, however, detailed reconstructive 
surgical techniques are missing. The book is worth the 
investment for athletic trainers, physical therapists, 
orthopaedic residents, family physicians, pedi- 
atricians, general surgeons, and orthopaedists .who 
are taking care of athletic teams. | 

FRANK H. Bassett, III, M.D. 


Early Care of the Injured Patient. Committee on 
Trauma of the American College of Surgeons. 443 
pages. Philadelphia, W. B. Saunders, 1976. 


THE SECOND EDITION of Early Care of the Injured 
Patient has recently become available. Once again the 
Committee on Trauma has provided a valuable guide- 
book for personnel! caring for injured patients within 
the emergency department. The volume contains well- 
written chapters on the initial evaluation of the patient 
with multiple injuries as well as excellent chapters 
devoted specifically to the care of patients with 
thermal and neurologic injuries. The second edition 
remains true to its heritage as a direct descendent 
of a fracture manual by providing the most readable 
brief exposition on fracture diagnosis and management 
presently available. The short chapter on mediolegal 
problems is very clear. The 24 chapters are illustrated 
with appropriately captioned and spaced line drawings 
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which complement a text remarkably free of typo- 
graphical errors. | 

Unfortunately, the book contains a few disappoint- 
ments. Prehospital care for trauma patients is not 
mentioned; prepara-ion of patients for transfer from 
primary care facilities to tertiary care hospitals is 
treated in a superficial manner. The chapter dealing 
with shock is too broad and thus loses its effectiveness. 
The discussion of controversial subjects, such as the 
utility of high-dose corticosteroids in the treatment of 
septic shock (a late complication in trauma patients) 
and the administration of furosemide for the preven- 
tion of renal failure, detracts from a worthwhile 
review of shock as it is seen in the recently injured 
patient. Also, some trauma surgeons may find reason 
to disagree with the authors' strong recommendation 
that aspiration rather than intercostal catheter drainage 
continue as the primary therapy for hemothor:x. 
Allin all, there is sufficient clarity and depth: in this 
volume to provide surgeons, emergency room 3hysi- 
cians, residents in surgery, and interested medicul 
students with a valuable resource. 

| Lewis M. FLINT, JE.. M.L. 


Regional Flaps of the Head and Neck. John Corey. 
268 pages. Philadelphia, Saunders. 1976. $70.09. 


DOCTOR CONLEY HaS GIVEN us an insight into his 
broad experience in cancer treatment with this ierge 
collection of cases, a minimum of text, and 759 photo- 
graphs. It reads easily and quickly and permits the 
reader to draw his cwn conclusions about each pro- 
cedure. Unfortunately, there are major shortcomings: 
The absence of a bibliography coupled with a paucity 
of technical detail limits the book's value for readers 
seeking information about specific flaps. Very little 
critical evaluation of the procedures. is presented and 
we don't know the author's opinion of the techniques 
demonstrated: or whether he still uses all of them. 
Information gained in the past ten years. about the 
blood supply of skin and its role.in flap design . is 
not mentioned and many designs appear anachronistic 
in light of current concepts. The follow-up of some 
cases is distressingly short; sometimes, the final photo- 
graph shows sutures still in place. 

Other authors have contributed three chapters: 
Bakamjian's section :s thorough, although basically. a, 
restatement of his previous writings. Schmid's chapter 
shows many novel approaches in an area where 
results are frequently poor. The absence of a single 
clinical photograph in Novak's chapter contrasts 
sharply with the rest of the book. 

As Doctor Conley indicated in his preface, ES re- 
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construction has developed over the past 25 years. 
Younger surgeons would benefit if an observer of this 
era would evaluate the reliability of the techniques 
which have evolved, their pitfalls, and their effective- 
ness in controlling drooling and aspiration while al- 
lowing eating in public, swallowing, and speech. While 
this book has not satisfied all these needs, it has 
provided a large number of ideas from which every 
surgeon who performs head and neck reconstructions 
will find something to his liking. 

MICHAEL E. JABALEY, M.D. 


BCG in Cancer Immunotherapy. Lamoureux, Turcotte 
and Portelance, (eds.) 392 pages. New York, Grune 
& Stratton. 1976. 


THIS VOLUME INCLUDES the Proceedings of the In- 
ternational Symposium held in honor of Professor 
Armand Frappier. The editors were successful in 
bringing together most of the basic and clinical sci- 
entists having experience with BCG as an immuno- 
therapeutic agent. The chapters discussing the ef- 
fectiveness of different preparations of BCG and anti- 
tumor activity revealed that all preparations are not 
well standardized and that the antitumor effect is not 
necessarily dose related. Fresh frozen preparations 
have better antitumor effect in experimental models. 
Antitumor activity of subcellular fractions of BCG were 
reported to have comparable antitumor activity and 
clear ability to sensitize the host to BCG. The very 
interesting question concerning the mechanism of ac- 
tion as an immunotherapeutic agent is nicely dis- 
cussed in the first two sections of the volume. The 
authors show general immune potentiation, however, 
cross-reacting antigens with BCG and human tumors 
including melanoma, acute myelogenous leukemia, and 
neuroblastoma suggest that these antigens may well 
produce cross-reacting antibodies, thus a more specific 
immune responsiveness. Subcutaneous BCG regularly 
produces increased B cell responsiveness, increased 
T-cell responsiveness, and increased macrophage ac- 
tivity. Intravenous BCG, however, is reported to be 
‘associated with decreased phytohemagglutinin and 
Concanavalin A responsiveness in vitro. The manu- 
scripts discussing the toxicity and side effects of BCG 
are extremely well prepared and the reader should pay 
particular attention to these sections. BCG hyper- 
immunization has been associated with BCG infection, 
BCG granulomatosis, anaphylaxis, fatal hypersensi- 
tivity, and tumor enhancement. Intratumor injections 
more regularly produce these severe side effects than 
do the Tine techniques and scarification methods of 
immunization. Patients on steroid therapy should be 
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considered high risk for such complications. Con- 
tinued weekly immunization with BCG in the experi- 
mental animal regularly produces decreased immune. 
responsiveness and a probability of immunological 
anergy. The two sections focusing on BCG as an 
immunotherapeutic agent in solid tumors and in 
hematological tumors are excellent summary articles 
reflecting the same general consensus that BCG im- 
munotherapy is associated with decreased tumor recur- 
rence, increased disease-free interval, and increased 
patient survival. Long-term follow-up studies and 
prospective control studies will be necessary before 
the analyses of these clinical studies can be more 
carefully appraised. The text will serve as an ex- 
cellent basic and clinical review for the reader with 
an interest in this exciting and developing field of 
interest. 

H. F. SEIGLER, M.D. 


Principles of Anesthesiology, 2nd Edition. Vincent J. 
Collins. Philadelphia, Lea & Febiger. 1976. 


THE MULTIDISCIPLINARY ASPECTS Of anesthesiology 
and the explosion of knowledge in this specialty 
have made good up-to-date textbooks hard to find. 
They fall generally into three categories: beginning 
texts, in-depth texts, and specialty texts. Beginning 
texts such as Introduction to Anesthesia by Dripps, 
Eckenhoff, and Vandam are useful to the medical 
student, temporary resident, and the anesthesia resi- 
dent during the first six months of his training. 
Specialty texts are usually monographical in nature 
and deal with narrow topics in depth but with little 
integrative discourse. 

In-depth texts are especially rare. Even the good 
ones such as Churchill-Davidson and Wylie A 
Practice of Anaesthesia are out of date by the time 
they are published. It is therefore refreshing to find 
another good in-depth text. The goals of the author to 
present material of permanent and practical value 
"which have stood the test of time’’ and exclude con- 
troversial, unproven and esoteric facts were well 
achieved. 

This well-arranged text of 1,623 pages contains a 
short preface, table of contents in four sections, an 
appendix of scientific tables, and a thorough index. The 
first section, Fundamental Practices, contains much 
useful basic information including chapters on the. 
physiology of posture and endotracheal anesthesia, 
which are remarkably well detailed with information 
not easily found elsewhere. In addition to the usual 
fundamentals, this section also contains chapters on 
hypothermia, electro-anesthesia, hypnosis, and hyper- 
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baric oxygenation. The second section on Regional 
. Anesthesia not only has excellent descriptions and 
anatomical drawings of the block procedures them- 
selves, but also cogent discourses on the principles 
governing regional anesthesia and the toxicology re- 
lated to overdose of local anesthetics, which is so 
often overlooked. 

The third section, Physiologic Considerations, 
covers good material on basic subjects such as 
respiration, circulation, and metabolism in a concise 
manner. The fourth section, Pharmacologic Con- 
siderations, elucidates the theories of narcosis, the 
pharmacology of all commonly used anesthetic agents, 
and a whole chapter on the drug effect on liver 
disease, which is of much interest today. 

The historical summaries are excellent and lend 
depth and perspective to our present state of 
knowledge. The most serious failing of the text is 
that much of its material is based on the work of 
the 1950's and 1960’s, although there are a few refer- 
ences to the 1970's. The reader should not expect to 
find, therefore, the latest concepts of ventilatory as- 
sistance such as intermittent mandatory ventilation, 
latest use and interpretation of Ps), of the precise 
myocardial effects of newer anesthetics. There are also 
a few mathematical errors such as the calculation of 
the total amount of oxygen stored in the body, but 
these are relatively rare. The fundamental principles 
outlined in this book, however, are sound and will not 
vary greatly during the next 20 years. The good 
student can therefore learn much from this text, partic- 
ularly if he concentrates on these fundamentals, 
taking care to integrate up-to-date quantitative data 
from other sources with these principles so that real 
knowledge emerges, not just a compendium of facts. 

Testing the value of the text as a quick reference, 
this reviewer picked five separate basic topics from 
the index and rapidly located and read useful informa- 
tion on each in a few minutes. This established its 
value as a reference as well as a “read through" 
textbook. 

This comprehensive revision of Collins’ classic 
textbook is highly recommended both to the serious 
student of anesthesiology and to those who wish a 
quick reference to specific subjects in the field. 

KENNETH D. HALL, M.D. 


Symposium of Microsurgery, Volume 14. Avron I. 
Daniller and Berish Struach (eds.) 257 pages. St. 
Louis, Mosby. 1976. $37.50. 


THE EDITORS HAVE COLLECTED the thoughts of 18 
contributors, many of whom are pioneers in the field 
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of microsurgery. Although publications of symposia 
are oftentimes deficient in related and useful content 
because they are hastily written, such is not the case 
in this well distilled volume. Though most of the 
chapters are written by plastic surgeons, this book 
should be read by all surgeons interested in micro- 
surgery. 

The novice will find the text useful as an introduc- 
tion to the broad scope of microsurgery, with de- 
scriptions of the anatomy of microvessels, nerves, 
suitable composite tissue donor sites, instrumentations 
and technique. The experienced microsurgeon will 
find the historical data of interest and the references 
of value. Recognized experts provide useful tips for 
all levels of microsurgeons on the subjects of re- 
plantation, neurovascular free flaps, nerve grafting, 
fascicular nerve repair, and other composite free 
transfers such as muscle and toe-to-hand trans- 
plantation. 

Most of the chapters are well illustrated with some 
excellent photographs obtained under the operating 
microscope. The discussion sections are particularly 
stimulating and informative. These sessions are so 
cleverly edited that the reader may feel as if he is 
listening to a live panel of experts debating the 
current concepts of the disciplines of microsurgery. 
This text is a commendable collection of practical 
information for the microsurgeon and the only negative 
statement I can offer is that some chapters are 
anecdotal in content with a deficiency of concepts 
derived from current laboratory or clinical research. 

JAMES R. URBANIAK, M.D. 


The Adult Postoperative Chest. Melamed and associ- 
ates. 578 pages. Springfield, Thomas, 1977. $31.50. 


THE CHANGES IN THE CHEST x-ray that occur follow- 
ing operations upon the lungs and other intra- 
thoracic viscera may be quite confusing and difficult 
to interpret. This is particularly true for the uniniti- 
ated radiologist and the neophyte surgeon. The 
competent thoracic surgeon follows daily the clinical 
course of his postoperative patient and correlates this 
with the serial postoperative x-rays that he sees 
personally. He thus, through experience in training 
and in practice, comes to learn what is the ‘‘normal’’ 
sequence of x-ray changes and what are the ''ab- 
normal’’ changes indicative of complications. 

In the context of the above discussion, this book is 
unique. Written by four radiologists and one thoracic 
surgeon (Dr. Barker), it is an atlas of postoperative 
chest x-rays. The authors present first the usual 


changes (including the rate of change) following an 
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operation; for example, lobectomy. This would include 
air and fluid in the pleural space, redistribution of 
lobes after surgery, and aspects of postoperative 
pulmonary function. Following this is a section on 
complications which depicts the ‘‘abnormal’’ changes 
in the chest x-ray. Finally there are several chapters 
devoted to the radiologic evaluation of the post- 
operative heart covering most of the common con- 

genital and acquired cardiac diseases in the adult. 
The most attractive feature of the book to me was the 
excellence of the radiographic reproductions, most of 
which are full-page. The material should be extremely 
useful to radiologists and should be available to 
thoracic surgical residents. The practicing thoracic 
surgeon, confronted by a confusing postoperative 

x-ray, may well be helped by consulting this atlas. 
W. GLENN YOUNG, M.D. 


Radiology of the Gallbladder and Bile Ducts. Philip M. 
Hatfield and Robert E. Wise. 263 pages. Baltimore, 
Williams and Wilkins. 1976. 


THIS BOOK CONTAINS 263 pages, seven chapters and 
301 illustrations (a very large number for a book this 
size). A glance at the table of contents indicates 
that almost every possible subject for a book of this 
type is included. 

The first chapter very aptly includes anomalies, of 
which there are many in this anatomical area. In- 
numerable methods including cholecystography, i.v. 
cholangiograms, transhepatic cholangiograms, barium 
meal, celiac arteriograms, hepatic arteriograms and 
others are used to illustrate these anomalies located 
in the gallbladder, bile ducts, sphincter of Oddi area 
and elsewhere. 

A separate chapter is devoted to indirect methods of 
visualization including particularly oral cholecystog- 
raphy and intravenous cholangiography. In that dis- 
cussion a brief history, chemical formulae, indications, 
contraindications, efc., are included. In the splendid 
use of illustrations, tomography is emphasized as of- 
fering much improvement in visualization in this area 
and elsewhere. The recent very useful methods of liver 
scan are adequately described. - 

In the discussion of direct methods of obtaining 
visualization the spectacular endoscopic retrograde 
cholangiography (introduced in 1968 by McCune and 
associates) is described. With skillful use of the in- 
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strument the ampulla of Vater is found and the pan- 
creatic as well as common bile duct is connulated 
and visualized by injection of media. Transhepatic * 
cholangiography (by puncture of intrahepatic ducts) 
is described as very useful in differentiating the 
type of jaundice, more apt to be successful if the 
jaundice is obstructive. Complications are numerous 
and are adequately described; perhaps the most 
serious one is leakage of bile which may require 
operative interference. Operative and T-tube 
cholangiography (the latter usually 10—18 days after 
operation) are clearly described and illustrated. Nu- 
merous methods of percutaneous calculus extraction 
(removal of residual stones after operation) are 
described, with variable success. 

In the chapter on Diseases of the Gallbladder, 
gallstones are illustrated by innumerable technics, with 
and without the aid of visualizing agents. Various 
diseases of the gallbladder including emphysematous 
cholecystitis, perforation, gallstone ileus, gallstone 
pancreatitis, acalculous cholecystitis, cancer of the 
gallbladder and adenomyomatosis are discussed and 
illustrated. 

Under Diseases of the Bile Ducts malignant dis- 
eases, which are relatively uncommon, occupy several 
pages largely because of the difficulty in making a 
diagnosis. The authors illustrate the diagnostic ad- 
vantage of utilizing operative and T-tube cholangio- 
grams, transhepatic cholangiograms, barium studies 
and many other methods in trying to make a diag- 
nosis. The authors quote two papers from two large 
clinics (Mayo and Lahey) listing the incidence of the 
various types of cancer, and call attention to the wide 
variation in incidence of tumors in the bile ducts and 
ampullary area. For example, in the Mayo Clinic 
cancers at the ampulla of Vater constituted 14 per 
cent of the group, but at the Lahey Clinic 37%. 
Although biliary fistulas are not very common, sev- 
eral pages are devoted to them because they can be 
demonstrated so readily by radiological technics. 

The various phases including incidence, clinical 
manifestations, results of treatment, complications 
etc., of the important subjects are included. The 
bibliography is adequate. . 

This reviewer was very pleased with this book, and 
can recommend it highly to all clinicians treating 
patients with diseases of the gallbladder and bile 
ducts. 

WARREN H. Corre, M.D. 
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The enzyme potency of the tablets 
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creatic deficiencies usually due to 
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Administration and Dosage: 
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pensing without prescription 
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How Supplied: 

Powder: Bottles of 4 ounces and 8 
ounces 

Tablets: Bottles of 100 and 500 


Literature Available: Complete lit- 
erature available upon request in- 
cluding information on BEEF VIO- 
KASE DERIVED FROM BEEF PAN- 
CREAS FOR THOSE EXCEPTIONAL 
PATIENTS ALLERGIC TO PORK 


A Subsidiary of A.H. Robins Company 


Mercaine 


brand of 


Qe bupivacaine hydrochloride — 









f you're using 
nly becaus 





of its prolonged action... 





...yo''r missin“ thr e 
other important reasons. 








1L More control of motor block 


The variety of Marcaine dosage strengths and the ability of 
Marcaine to provide complete sensory block with or without 
Significant motor block gives you more control during Surgical 
procedures. ' 


D- Less need for postoperative analgesics 
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The long-acting local anesthetic that gives you: 


1. More Control of Motor Block 
2. Less Need for Postoperative Analgesics 
3. Greater Postoperative Patient Mobility 


MARCAINE* Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, 
infiltration, sympathetic block, caudal, or 
epidural block. 


Contraindication: Marcaine is contraindicated 
in patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT 
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ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits and 
there is no evidence of harm to the animal 
fetus. The relevance to the human is not 
known. Safe use in pregnant women other 
than those in labor has not been established. 


Until further clinical experience is gained, 
paracervical block with Marcaine is not 
recommended. Feta! bradycardia frequently 
follows paracervical block with some amide- 
type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be 
present in prematurity, toxemia of pregnancy, 
and fetal distress. 


The obstetrician is warned that severe 
persistent hypertension may occur after 
administration of certain oxytocic drugs, if 
vasopressors have already been used during 
labor (e.g., in the local anesthetic solution or 
to correct hypotension). 


Solutions containing a vasoconstrictor, 
particularly epinephrine or norepinephrine, 
should be used with extreme caution in 
patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 


Local anesthetics which contain 
preservatives, i.e., those supplied in multiple 
dose vials, should not be used for caudal or 
epidural anesthesia. 


Until further experience is gained in children 
younger than 12 years, administration of 
Marcaine in this age group is not 
recommended. 


Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage, correct technique, adequate 
precautions, and readiness for emergencies. 


The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
high plasma levels and serious systemic side 
effects. Injection of repeated doses of 
Marcaine may cause significant increase in 
blood levels with each additional dose, due 
to accumulation of the drug or its metabolites 
or due to slow metabolic degradation. 
Tolerance varies with the status of the patient. 
Debilitated, elderly patients and acutely ill 
patients should be given reduced doses 
commensurate with age and physical 
condition. 

Solutions containing a vasoconstrictor should 
be used cautiously in areas with limited blood 
supply, in the presence of diseases that may 
adversely affect the patient's cardiovascular 
system, or in patients with peripheral vascular 
disease. 


Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide-type 
local anesthetics. 


Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 
employed in patients during or following the 
administration of chloroform, halothane, 
cyclopropane, trichloroethylene, or other 
related agents. In deciding whether to use 
these products concurrently in the same 
patient, the combined action of both agents 
upon the myocardium, the concentration and 
volume of vasoconstrictor used, and the time 
since injection, when applicable, should be 
taken into account. 


Caution is advised in administration of repeat 
doses of Marcaine to patients with severe 
liver disease. 


Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A major 
cause of adverse reactions to this group of 
drugs is excessive plasma levels, which may 
be due to overdosage, inadvertent 
intravascular injection, or slow metabolic 
degradation. 


Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and the 
cardiovascular system. The central nervous 
system effects are characterized by excitation 
or depression. The first manifestation may be 
nervousness, dizziness, blurred vision, or 


tremors, followed by drowsiness, convulsions, 


unconsciousness, and possibly respiratory 
arrest. Since excitement may be transient or 
absent, the first manifestation may be 
drowsiness, sometimes merging into 
unconsciousness and respiratory arrest. 
Other central nervous system effects may be 
nausea, vomiting, chills, constriction of the 
pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels 
may include depression of the myocardium, 
blood pressure changes (usually 
hypotension), and cardiac arrest. In 
Obstetrics, cases of fetal bradycardia have 
occurred (see Warnings). 









Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or diminished 
tolerance, are characterized by cutaneous 
lesions (e.g., urticaria), edema, and other 
manifestations of allergy. Detection of 
sensitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal 
anesthesia also may include: high or total 
spinal block; urinary retention; fecal 
incontinence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower 
extremities; headache and backache; and 
slowing of labor and increased incidence of 
forceps delivery. 


Treatment of Reactions. Toxic effects of local 
anesthetics require symptomatic treatment; 
there is no specific cure. The physician 
should be prepared to maintain an airway 
and to support ventilation with oxygen and 
assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when 
appropriate, vasopressors (preferably those 
that stimulate the myocardium). Convulsions 
may be controlled with oxygen and 
intravenous administration, in small 
increments, of a barbiturate, as follows: 
preferably, an ultrashort-acting barbiturate 
such as thiopental or thiamylal; if this is not 
available, a short-acting barbiturate (e.g., 
secobarbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by those 
familiar with their use. 


References: 1. Moore DC, Bridenbaugh LD, 
Thompson GE, et al: Bupivacaine: a review 
of 11,080 cases. Anesth Analg 57: 42-53, 
1978. 2. Lund PC, Cwik JC, Vallesteros F: 
Bupivacaine —a new, long-acting local 
anesthetic agent: a preliminary clinical and 
laboratory report. Anesth Analg 49:103-1 14, 
1970. 3. Noller DW, Gillenwater JY, Howards 
SS, et al: Intercostal nerve block with flank 
incision. J Urol 117: 759-761, 1977. 
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atient using Synalgos-DC should be cau- 
tioned accordingly. Interactions with other 
Central Nervous System Depressants: Po- 
tients receiving other narcotic analgesics, 
jeneral anesthetics, other phenothiazines, 
tranquilizers, sedative-hypnotics or other 
CNS ¢ depressants (including alcohol) con- 
omitantly with Synalgos-DC may exhibit 
an additive CNS depression. When such 
combined therapy is contemplated, the 


should not be re-exposed to any pheno- 
thiaz ine, incli pi Synalqos-DC, unless in 
the judgment of the physician the poten- 
tial benefits of the esameni outweigh 
the possible hazards. Usage in Pregnancy: 
Reproduction studies have not been per- 
formed in animals. There is no adequate 
information on whether this drug may 
affect fertility int Yuman males and females 
or has a teratogenic potential or other 
adverse effect on the fetus. Usage in 
Children: Since there is no experience in 
children who have received this drug, 
safety and efficacy in children have not 
been established. Precautions: Phenacet in 
has been reported to damage kidneys 
when taken in large amounts for a lang 
time. Promethazine should be adminis- 
tered cautiously to patients with cardio- 

ascular or liver disease. Synalgos-OC 


most frequentlyobservedreactions include 


lightheadedness, dizziness, drowsines 
sims nausea, vomiting, constipatior 
yruritus, skin reactions, and rarely, hypo- 
fension Drug Interactions: The CNS de 
pressant effects f Synalgos-DC may be 
additive with that of other CNS depre: 
sants See V Warnings. Aspirin may enhance 
the effects of anticoagulants and inhibit 
the uricosuric effect agent 
C onscis direct ior rcular before 
prescribing. 


IVES LABORATORIES INC. 
Néw York, N.Y, 10017 
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Nipitintl ie gut. 


Torecan can help control nausea 
and vomiting with dual action:* 
1) against circulating emetics 


(atthe CTZ) 


2) against emetic sights, emotions, 
and organ insults (at the TVC) 


In using Torecan, the physician 


should consider the adverse 


reactions which are associated 
with the drug specifically and 


phenothiazines generally.** 





Torecan; ^ 


(thiethylperazine) e 


tranquilizer. 


a its not for sedative use. 
a It'S not intended as a 


a Its not an antihistamine. 


symptoms. 


s Its not intended for psychotic 


*As shown in animal studies; TVC — True 


Vomiting Center, CTZ — Chemoreceptor 


Trigger Zone. 


**Please see brief summary for detailed 


information concerning potential 


adverse reactions. 





Injectable—10 mg/2ml (thiethylperazine malate, NF) 


for IM injection only 


Suppositories—10 mg (thiethylperazine maleate, NF) 


Tablets—10 mg (thiethylperazine maleate, NF) 


Torecan® (thiethylperazine) 

Tablets, Suppositories and Injection 
Contraindications: Severe CNS depression, 
comatose states, and in patients who have 
demonstrated a hypersensitivity to phenothiazines 
(e.g.. blood dyscrasias, jaundice). Because 
severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 
drug is contraindicated in pregnancy 

Warnings: Phenothiazines are capable of 
potentiating CNS depressants as well as atropine 
and phosphorous insecticides. The drug may 
impair mental and/or physical ability required in 
the performance of potentially hazardous tasks 
such as driving a car or operating machinery 
Postoperative Nausea and Vomiting’ When used 
to control postoperative nausea and vomiting in 
patients undergoing elective meg procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the 
tablet or suppository. Do not use with epinephrine 
in the treatment of drug-induced hypotension as 
phenothiazines may induce a reversed epinephrine 
effect. The most suitable vasoconstrictor agents 
are levarterenol and phenylephrine. The use of 
Torecan has not been studied following intra- 
cardiac and intracranial surgery. Not recom- 
mended for use in children under 12 years of age, 
or in nursing mothers since safety and efficacy 
have not been established 


Precautions: Convulsions and abnormal move- 
ments such as extrapyramidal symptoms have 
occurred. The varied extrapyramidal symptom 
complex is more likely to occur in young adults 
and children. Extrapyramidal effects must be 
treated by reduction of dosage or cessation of 
medication. For treatment of nausea and/or 
vomiting associated with anesthesia and surgery 
the drug should be administered by deep intra- 
muscular injection at or shortly before the 
termination of anesthesia 


Adverse Reactions: CNS: convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache, fever 
and restlessness have been reported 

Drowsiness may occur initially on injection but is 
usually alleviated by a reduction in dosage 
Dryness of the mouth and nose, blurred vision, 
tinnitus; sialorrhea and altered gustatory sensa- 
tion. Peripheral edema of the arms, hands and 
face. Cholestatic jaundice; cerebral vascular 
spasm and trigeminal neuralgia have been 
reported occasionally. The following have occurred 
with phenothiazine derivatives and should be 
considered: agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia, pancytopenia, 
eosinophilia, leukocytosis, miosis, obstipation, 
anorexia, paralytic ileus; erythema, exfoliative 
dermatitis and contact dermatitis; jaundice, biliary 
Stasis. Hypotension, rarely leading to cardiac 
arrest; ECG changes. Akathisia, agitation, motor 
restlessness, dystonic reactions, trismus, torti- 
collis, opisthotonos, oculogyric crises, tremor, 
muscular rigidity, akinesia, some of which have 





persisted for several months or years especially 
in patients of advanced age with brain damage 
Menstrual irregularities, altered libido, gyneco- 
mastia, weight gain; false positive pregnancy 
tests. Urinary retention, incontinence; fever, 
laryngeal edema and angioneurotic edema, asthma 
Hyperpyrexia, behavioral effects suggestive of a 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic 
confusional states. ECG changes. While there is 
no evidence that ECG changes are in any way 
precursors of any significant disturbance of 
Cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 
reported in a few instances in hospitalized 
psychotic patients previously showing character- 
istic ECG changes. A peculiar skin-eye syndrome, 
which is marked by progressive pigmentation of 
areas of the skin or conjunctiva and/or accom- 
panied by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 
anterior lens and cornea described as irregular or 
stellate in shape have also been reported 

Drug Interactions. Phenothiazines are capable of 
potentiating CNS depressants (e.g.. anesthetics 
Opiates, alcohol, etc.) as well as atropine and 
phosphorous insecticides. The drug may induce a 
reversed epinephrine effect on occasion 

For complete details, please see full prescribing 
information 
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space Age Microbicidal Power 


For optimal preoperative skin degerming —BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather fo] prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis — Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 
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SC) 0e/,|0,-7 
ay be implicated 


a number of clinical situations, 


cluding... 
septic abortions 
deep wounds 
bacteremia 


metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always 
recommended prior to instituting 
therapy with Chloromycetin 
(chloramphenicol). However, in 
some situations, it may be neces- 
sary to administer Chloromycetin 
before sensitivity tests have been 
completed. 


Bacteroides are the most prevalent 
microbial flora of man. They are 
anaerobic, aero-intolerant, non- 
sporeforming, nonmotile, gram- 
negative bacilli. They most often 
appear in mixed infections, and are 
highly opportunistic. Further, they 


Under normal conditions, bacte- 
roides are benign. But in infectious 
situations they can be extremely 
virulent. 


Fortunately, most bacteroides 
infections are susceptible to 
Chloromycetin (chlorampheni- 

col) therapy. Yet, all too often their 
presence goes undetected. So 
today, many authorities recommend 
early—and vigorous—treatment 
with Chloromycetin when the 
clinical impression suggests that a 
Bacteroides infection is present. 


Chloromycetin must be used only 
in those serious infections for 





drugs are ineffective or 
contraindicated. 


But when bacteroides are i 
cated, Chloromycetin (chlo 
phenicol) therapy may well 
conservative course. For, i 

situations, the benefits-to-r 
with Chloromycetinis very fa 


See next page for full presc 


often an indication for 


> GHLOROMYGETIN 


(chloramphenicol) Sodium Succinate 
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Prescribing information-——-Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration . 


WARNING 

Serious and fatal blood dyscrasias {aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia, Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less polentially dangerous 
agents will be effective, as described in the 
Indications section. if must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: lt is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observaticn during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SCDIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chlorarr phenico! is readily absorbed 
and adequate blood lev2is are achieved and main- 
tained on the recommended dosage. 

3, Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be resarved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concur-ently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 1096 solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. it is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems, 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/mi 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 9996 over a three-day period. From 896 to 1296 
of the antibiotic excreted s in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphen col detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highast concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous ard vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or—con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous ‘agents are indicated by such tests. The 
decision to continue use of chloramphenico! rather 
than another antibiotic when both are suggested by 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 


1. Acute infections caused by S typhi* 
It is not recommended for the routine treatment of 
the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 
accordance with the concepts expressed above. 
a) Salmonella species 
b) H influenzae, specifically meningeal infections 
c) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacte- 
one meningitis, or other serious gram-negative infec- 
iors 
f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


“In che treatment of typhoid fever, some authorities recommend 
thai chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibilily of relapse. 


CONTRAINDICATIONS 
Chloramphenicol ts contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tior to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or Kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration. should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome), 

7. Precaution should be used tn therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
{See Adverse Reactions.) Serum drug fevels should 
oe carefully followed during therapy of the newborn 
infant. 

8 Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 
Tie most serious adverse effect of chloramphenicol 
is bone marrow depression, Serious and fatal blood 


dyscrasias (aplastic anemia, hypoplastic anemia, throm- | 


bocytopenia, and granulocytopenía) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia, Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at rísk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

in a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5, “Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor, One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the follawing order: 

(1) abdominal distension with or without emesis; 

(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of cnset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION ; 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: d 

intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval, This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 5% dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.] Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood ievels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), pesa when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn infants 
(See section titled Gray Syndrome under Adverse 
Reactlons.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of fife, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
biood concentration in ail premature infants and fuil- 
term infants under two weeks of age diilers trom that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (o: seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 
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Liver transplantation has had a long gestation period in being 
accepted as standard therapy. The main reason for this is the 
formidable operation to which the patient is subjected and 
because of this, referral of cases tends to be too late. Increas- 
ing confidence in the operation should result in earlier surgery. 
The low incidence of uncontrollable rejection is an encourag- 
ing finding which should, in the future, make the results of 
grafting for nonmalignant parenchymatous liver disease better 
than those currently obtained with kidney grafts from cadaver 
donors. The surgery requires a large team of strongly moti- 
vated doctors, nurses and technicians, who must have con- 
tinuing experience with technically successful orthotopic liver 


grafts in experimental animals. 

HE EXPERIMENTAL BACKGROUND for liver graft- 
T ing in man was established initially by the work 
of Welch and his colleagues in the 1950's using 
. the extra or accessory heterotopic liver graft as an ex- 
perimental model.*?? Subsequently Moore in Boston!'- 
2 and Starzl in Denver!*'* independently developed 
techniques for orthotopic liver grafting in the dog. The 
pattern of rejection was documented and it was found 
that immunosuppressive agents effective in preventing 
rejection of renal allografts could also prolong survival 
of experimental liver allografts.'? 

A variety of techniques have been described for 
transplanting an additional liver but each has disad- 
vantages. The sheer bulk of the liver may be difficult 
to accommodate in the abdomen and can splint the 
diaphragm leading to postoperative pneumonitis. 
Wherever the liver is placed, venous drainage is vul- 
nerable, especially when the hilus faces medially neces- 
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sitating venous drainage via the infrahepatic vena cava. 
Microvascular techniques may be developed for trans- 
plantating small portions of the liver, the main surgical 
difficulty is the establishment of satisfactory bile drain- 
age. Even if small portions of the liver could be suc- 
cessfully transplanted they would have a nutritional 
handicap compared with the patient's own liver and 
would only be expected to be effective if the patient's 
own liver was very severely damaged. This is a dis- 
appointing prognostication since transplanting a small 
portion of the liver is an attractive approach to provide 
missing enzymes in patients with otherwise good liver 
function. For orthotopic liver grafting in the dog and 
the pig it is necessary to decompress the portal and 
caval systems by draining blood from the inferior vena 
cava and portal vein into the superior vena cava during 
the anhepatic phase. If this is not done, congestion 
occurs in the bowel and the lower part of the body 
which can lead to death. In primates, including man, 
external shunts are not usually necessary, nevertheless 
this pooling effect still occurs and requires careful man- 
agement. 

In dogs, liver allograft rejection follows a similar 
pattern to that observed with kidneys but immunosup- 
pressive drugs are relatively more effective. Perivascu- 
lar round cell infiltration with parenchymal destruction 
and vasculitis are the salient features of rejection. In 
pigs such changes are often minimal and may regress 
spontaneously.*$:!? The first successful orthotopic liver 
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allograft in man was performed by Starzl in 1963.8 
In the last report of the Transplant Registry published 
in July 1977, 259 orthotopic liver grafts had been re- 
corded. The Denver series now exceeds 140 cases with 
a one-year survival rate of approximately 50%, the re- 
sults being better in children (60%) than in adults 
(45%) (Starzl, personal communication). The Cam- 
bridge/King’s College Hospital series is now 76 cases 
mainly adult patients. Although a number of other cen- 
ters have performed a few liver transplants, there is 
no other large series reported and of the 43 heterotopic 
liver grafts reported to the Transplant Registry, the 
longest survivor is a patient of Dr. Fortner now four 
years after operation (Fortner, personal communica- 
tion). In Denver and in the United Kingdom only ortho- 
topic liver allografts are performed, the liver being 
placed in the normal position after recipient hepatec- 
tomy. I feel this is the best surgical operation and until 
a more reliable technique of heterotopic grafting is de- 
scribed the orthotopic position will remain the opera- 
tion of choice: I will confine my remarks in this article 
to orthotopic grafts. 

Clinical liver transplantation, although practised for 
15 years is not yet widely accepted as a therapeutic 


procedure. Errors have been made in all aspects, es-. 


pecially in case selection, diagnosis of rejection and 
details of surgical technique. In order, the liver follows 
the heart as far as results are concerned but in one 
respect liver transplantation is more fortunate. There 
is a low incidence of uncontrollable rejection in which 
respect the human seems to resemble the pig more 
closely than the dog. Many patients have probably been 
treated excessively with immunosuppressive drugs. 


Indications 


One of the most difficult aspects of liver grafting 
is to decide when to offer this treatment to a patient. 
There are two main categories of disease which require 
consideration, namely primary malignancy of the liver 
and parenchymatous disease. In Denver the majority 
of.patients have been children suffering from biliary 
atresia, the results in this group have been the best. 
We have been reluctant to offer liver grafting to chil- 
dren because of the uncertain prognosis and the un- 
doubted discomfort associated with investigation and 
caring for patients, pre- and postoperatively and the 
unpleasant side effects of immunosuppressive drugs, 


particularly steroids. A stunted child with Cushing’s - 


syndrome and good liver function is a sad result. For- 
tunately, many of Starzl’s patients have not suffered 
too severely from steroid treatment. No doubt, even- 
tually, better immunosuppressive agents will become 
available and then our reservations concerning trans- 
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planting children will disappear. The oldest of our 76 
patients was 65-years-old, the median age was 43. Only 
five were aged 17 or less. We do not have an upper 
age limit but assess each patient according to what 
we feel to be the biological age. Starzl considered 45 
to be the upper age limit but we have had good results 
with patients in their fifties. Metastatic cancer in the 
liver is not in our opinion an indication for transplan- 
tation since the four cases we have treated all devel- 
oped rapid recurrence of growth. Excluding metas- 
tases is difficult in primary malignant disease of the 
liver. No matter how extensive the screening for sec- 
ondaries, micrometastases in lymph nodes, bone and 
Jung may be missed. If liver cancer is confined to one 


- lobe then a partial resection is the best treatment. If 


both lobes are involved or the remaining liver is cir- 
rhotic then liver grafting may be indicated. We have 
transplanted 12 cases of cholangiocarcinoma and the 
four who survived more than three months developed 
recurrent cancer within a year. Starzl (personal com- 
munication) has one patient alive more than a year with 
no evidence of recurrence. Most patients with cho- 
langiocarcinoma involving the major hepatic ducts 
have had a previous laparotomy with biopsy and ma- 
nipulation of the duct. It is likely that such procedures 
cause metastases but one of our patients with a Klatskin. 
tumor had never been interfered with until the liver 
transplant operation, when a needle biopsy was per- 
formed. Nevertheless, he developed metastases a year 
after grafting. I feel therefore that in these cases pal- 
liative intubation as advocated by Terblanche!9??9 is 


‘preferable to liver transplantation. 


Primary hepatoma in Europe and North America 
can pursue a relatively slow course even when it is 
associated with cirrhosis, the behavior being in marked 
contrast to the rapidly fatal disease which is so common 
in parts of Asia and Africa.” It is important to deter- 
mine that the tumor really is malignant and not a benign 
hepatoma. Histological features of malignancy are the 
presence of growth in venules and infiltration of the 
parenchyma without evidence of capsule formation. 
Fifty per cent of our cases of primary hepatoma have 
had raised alphafetoprotein levels in the blood. The 
disappearance of this protein after grafting is evidence 
of removal of the disease. Although hepatoma has often 
recurred, some patients have been free of the disease ` 
more than a year after grafting. Our longest survivor 
died of cholangitis more than five years after operation 
and there was no evidence of recurrent growth at post- 
mortem examination. In nonmalignant liver disease the 
timing of transplantation is of the utmost importance. 
Recurrent coma or bleeding when there is insufficient 
hepatic function for a shunt procedure and portosys- 
temic encephalopathy after shunting are indications for 
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liver transplantation. It is hopeless to offer the opera- 
tion to moribund patients who will not survive surgery. 
We have found that patients with systemic blood pres- 
sure below 100 mmHg prior to surgery usually perish 
in the perioperative period. Patients with alcoholic cir- 
rhosis are often unsuitable for transplantation due to 
their unreliable personalities. Australia antigenemia is 
a serious complication presenting hazards to nursing, 
surgical staff and other patients. It is not an absolute 
contraindication to surgery. Three of our patients who 
were Australia antigen positive were treated by im- 
mune gamma globulin during the anhepatic phase and 
postoperatively. One of these patients is still free from 
Australia antigen more than two years after operation. 
The other patients also became Australia antigen 
negative. 

Chronic active hepatitis, primary biliary cirrhosis, 
idiopathic cirrhosis, cirrhosis secondary to bile duct 
surgery and alpha, antitrypsin deficiency may be suit- 
able for transplantation. Chronic sepsis may cause fatal 
septicemia after liver grafting. Patients with Budd 
Chiari syndrome who do not respond to conservative 
treatment have a grave prognosis and liver transplan- 
tation can produce excellent results.'® Acute liver ne- 
crosis is not an indication for transplantation, since 
patients in deep coma have an uncertain prognosis and 
some will recover completely. 


Assessment 


It is important to establish that a liver tumor is in 
fact a primary growth. If the serum alphafetoprotein 
level is high this is strong evidence of primary hepa- 
toma. Histological interpretation can be difficult. One 
of the most important features of hepatoma is the for- 
mation of bile by the tumor. Scanning with sulpha col- 
loid and selenomethionine may show specific uptake 
of the hepatoma by selenomethionine. Routine inves- 
tigation includes chest x-ray, intravenous urography, 
barium meal, barium enema, sigmoidoscopy, bone 
scans and angiography of the inferior vena cava, hepa- 
tic and superior mesenteric arteries. 

In patients with nonmalignant liver disease, the se- 
rum albumin and prothrombin levels are important 
prognostically as are a history of repeated variceal 
bleeding, recurrent coma or encephalopathic attacks. 
Descending venacavography is performed in cases of 
Budd Chiari syndrome and splenoportography or films 
of the venous phase of mesenteric angiography may 
be necessary to demonstrate a patent portal vein. 

The chief obstacle to good results in liver transplan- 
tation is the surgical procedure itself and the early post- 
operative care. Small errors at any stage are likely 
to prove fatal. 
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The Donor 


The donor should be a case of "brain death" with 
an intact circulation maintained on a ventilator, the 
criteria being the same as those required for kidney 
transplantation. There must be no infection or systemic 
malignancy. It is important that the donor liver is not 
too large for the recipient. We have transplanted a 
liver from a 3% year old child into an adult and prefer 
not to use donors older than 50 years. We have always 
used donors of a compatible red cell blood group, but 
although HL-A tissue typing is performed on donor and 
recipient and cytotoxic antibodies looked for, we do 
not pay attention to these findings from the point of 
view of case selection. Experience in Denver has 
shown it is possible even to transgress red blood cell 
group rules in liver transplantation and we have trans- 
planted across a positive lymphocytotoxic cross- 
match, where the recipient serum killed 100% of donor 
lymphocytes, without there being evidence of serious 
rejection in the six months postoperative course. In 
view of the scarcity of suitable liver donors most donor 
and recipient matching has been extremely poor and 
there has been no evidence of a relationship between 
HL-A matching and results. The liver can survive an 
immunological handicap that would be expected to re- 
sult in rapid destruction of a kidney from the same 
donor. Kidneys are always removed at the same time 
as the liver. Both kidneys and the liver are skeletonised 
until only the vascular attachments remain (Fig. 1). The 
main technical difficulty is to ensure that if there are 
anomalous arteries, these are preserved (Fig. 2). The 
gall bladder is mobilized with its main blood supply 
intact before the liver is removed. Ten thousand units 
of heparin are given intravenously, Bardec cannulas 
are inserted into the aorta and inferior vena cava via 
the right common iliac vessels. These cannulas are 
declamped and a third Bardec cannula is inserted into 
the portal vein via the superior mesenteric and per- 
fusion of the liver is commenced with 1 | of Hartmann's 
solution containing heparin 1,000 units/liter at 4? with 
| m of gravity drainage from a drip stand. The kidneys 
are removed while the in situ liver perfusion is in pro- 
gress and they should therefore suffer no warm is- 
chemic damage. The Hartmann's solution is followed 
by 400 ml of plasma protein fraction (PPF) solution 
with additives.* The liver is then removed and trans- 
ferred to a circular plastic bowl containing ice cold 
saline and the hepatic artery is perfused with 100 ml 
of the PPF with additives, via a Bardec cannula. The 





* To each liter of PPF is added: 2,000 IU of Heparin, 250 mg 
of Hydrocortisone, 500 mg of Ampicillin, 6 ml of 0.1 N HCI, 5 ml 
of 10% Magnesium sulphate, 250 mg of dextrose, 15 mEq of Potas- 
sium phosphate. 
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Fic. 1. Diagram of the donor operation showing skeletonisation of 
the liver and both kidneys. Cannulas have been inserted via the 
right common iliac vessels and superior mesenteric vein. (Cour- 
tesy of Current Problems in Surgery). 


liver is then transferred to another bowl containing 
ice-cold saline and this is inserted into a sterile plastic 
bag which is inserted into another similar bag. This 
is then placed in a polystyrene box surrounded by ice 
cubes. The box is small enough to be transported by 
plane, helicopter or car.*! 

Thirty livers have been transported from institutions 
other than our own, to our hospital where the trans- 
plant operation has been performed. The period of is- 
chemia has varied between 2— 1012 hours. Twenty-eight 
livers functioned as life-sustaining grafts, two did not 
have a chance to function because the patients had 
developed severe hemorrhage before the livers were 
revascularised. The Denver group have reported simi- 
lar good results with liver preservation in man using 
Collins’ solution.? Six of seven livers functioned after 
between 634 — 10 hours of preservation. One liver could 
not be revascularised because of thrombosis in the por- 
tal vein. 

The experience is now sufficient to demonstrate the 
advantages of simple preservation, effective for at least 
ten hours. There can be no mechanical or electrical 
failure, bacterial contamination is unlikely and the pro- 
cess is straightforward and cheap. These factors argue 
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in favor of ice storage rather than the use of perfusion 
apparatus. 


Recipient Operation 


The technique used by Starzl and colleagues has 
been the basis of all clinical orthotopic liver transplants. 
Very close collaboration with the anesthetists experi- 
enced in the procedure is of great importance. The 
patient will be ill prior to surgery and the operation 
causes drastic interference with the cardiovascular 
system. 

In the absence of a severe coagulopathy, a high epi- 
dural anaesthetic with light general inhalation anes- 
thesia is preferred. The epidural is continued for 4-5 
days postoperatively and allows the patient to breathe 
deeply and cough normally immediately after opera- 
tion. Patients with severe coagulation defects cannot 
be given an epidural anesthetic and the postoperative 
phase is more difficult to control. When the donor liver 
has been removed and cooled the timing of the recipient 
anesthesia and laparotomy is planned so that the liver 
will be in the operating room shortly after the skin 
incision has been made. Full intraoperative monitoring 
of the patient is required and there must be large in- 
travenous lines in tributaries of the superior vena cava. 
The arterial and central venous pressures, EKG and 
pulse rate are recorded continuously. The serum po- 
tassium, calcium and arterial blood gases and pH are 
estimated frequently. The incision is shown in Figure 
3; the chest is not opened. There may be severe bleed- 
ing from thin-walled dilated veins due to the high ve- 
nous pressure and impaired coagulation. Meticulous 
suture ligation with small bites of all tissue to be divided 
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Fic. 2. Diagram to show the main anomalous hepatic arteries, the 
right hepatic artery coming from the superior mesenteric and passing 
posterior to the portal vein (17%) and the left hepatic artery coming 
from the left gastric (23%). (Courtesy of Academic Press (London) 
Ltd.) 
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is essential, with minimal reliance on diathermy. The 
structures in the free edge of the lesser omentum are 
separated from each other and the common bile duct 
is ligated and divided as close to the liver as possible. 
The peritoneal attachments of the liver are divided. 
Dissection behind the liver is the last part of the opera- 
tion, since bleeding here is difficult to control before 
the organ is removed. Trial clamping of the inferior 
vena cava below the liver is made. This may cut the 
return of the blood to the heart by 50% and cardiac 
arrest may occur. If the cardiovascular state remains 
stable, then the hepatic artery is ligated and divided, 
the portal vein clamped and divided and the vena cava 
clamped and divided below and above the liver. It is 
important that the interval during which the liver is 
devascularised, but still connected to the venous sys- 
tem via the hepatic veins, is as short as possible since 
manipulation of the ischemia liver can lead to sudden 
outpouring of potassium ions into the right side of the 
heart.? If trial clamping of the inferior vena cava below 
the liver results in profound hypotension, further op- 
erative procedures are deferred until more blood has 
been transfused and monitoring reveals a stable state. 





Fic. 3. Diagram of standard incision for most hepatic resections, 
including transplantation. An extensive subcostal incision with ex- 


tension up to the xiphoid. (Courtesy of W.B. Saunders Company 
Ltd.). 
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Fic. 4. Clamp for control of suprahepatic vena cava with protective 
screw clip. (Courtesy of Current Problems in Surgery). 


Very rapid infusion of stored blood may aggravate car- 
diac failure by causing a sudden increase in serum po- 
tassium. The circulation should not be overloaded but 
the central venous pressure must be kept positive to 
avoid the danger of an air embolus. A special clamp 
is used for the inferior vena cava above the liver which 
has a screw clip to prevent loosening (Fig. 4). 
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Fic. 5. Pedical graft conduit with donor gall bladder. Hartmann's 
pouch is anastomosed to donor common duct and fundus anas- 
tomosed to recipient common duct. Irrigating T-tube is inserted with 
irrigating arm through upper anastomosis. Blood supply to gall blad- 
der is carefully preserved. (Courtesy of Dr. Roger Williams, The 
Editor of the British Medical Journal and the British Medical Journal. 


Insertion of the Graft 


The donor liver is now removed from ice and the 
upper inferior vena caval anastomosis is constructed 
with a 3-0 mersilene stitch, the posterior wall being 
sewn from the inside. A 5-0 running prolene stitch 
is used for the portal venous anastomosis. When this 
is almost completed a Bardec catheter is introduced 
and the portal vein is infused with 400 ml of PPF at 
room temperature containing no additives, to wash out 
potassium and acid metabolites, accumulating as a re- 
sult of anoxia and from the additives in original cool- 
ing solution. The effluent runs out of the vena cava 
below the liver. The portal venous anastomosis is then 
completed, the inferior vena cava below the liver is 
clamped and the portal venous clamp is removed as is 
the suprahepatic IVC clamp. Intravenous calcium and 
bicarbonate may be required at this stage. The IVC 
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below the liver is now anastomosed donor to recipient, 
using a 4-0 running prolene stitch. The recipient hepa- 
tic artery is dissected so as to provide access for clamp- 
ing of the main hepatic artery and gastroduodenal ar- 
tery. The vessel is cut obliquely and anastomosed with 
a 6-0 prolene stitch to the trimmed Carrel patch of 
aorta containing the orifice to the celiac artery. If an 
anomalous right hepatic artery is present arising from 
the superior mesenteric. this can be anastomosed to 
the orifice of the splenic artery of the donor. On re- 
lease of the clamps from the artery there should be 
a good blood supply to the gall bladder. The donor 
common bile duct is trimmed back until it bleeds and 
is cut obliquely to provide a maximum sized orifice 
and anastomosis. If it does not bleed the cystic duct 
is ligated and the common hepatic duct is cut back- 
wards until it bleeds. Incisions are made in the fundus, 
the body and the Hartmann’s pouch area of the gall 
bladder and using a 4-0 chromic catgut stitch, the Hart- 
mann’s pouch incision is anastomosed to the donor 
common bile duct or common hepatic duct and a special 
irrigating T-tube is inserted with the irrigating arm 
threaded into the common hepatic duct. The other gut- 
tered arm is threaded through the anastomosis between 
the fundus of the gall bladder and the obliquely cut 
recipient common bile duct (Fig. 5). The long limb of 
the T-tube is brought out through a stab incision below 
the main wound. A small biopsy is taken from the 
anterior surface of the left lobe of the liver. The falci- 
form ligaments of donor and recipient are stitched to- 
gether with interrupted linen stitches. Two large sili- 
cone tube drains are brought out from the subdiaphrag- 
matic and subhepatic spaces on each side via the ex- 
tremities of the wound. 


Postoperative Care 


All the monitoring conducted during the operation 
is continued postoperatively and the patient's body 
temperature and urine output are watched. Patients 
with good lung function can usually be extubated im- 
mediately, especially if they have an epidural anaes- 
thetic. Severely ill cirrhotics may require 24 hours of 
ventilation before the endotracheal tube is removed. 
The T-tube is irrigated continuously, one litre of Hart- 
mann's solution containing 1,000 units of heparin each 
24 hours from a drip stand | m high. The effluent is 
allowed to drain into a sterile collecting bag via the 
second channel of the T-tube. One drain is removed 
each day from the second day on. In view of the danger 
of infection during the agonal hours of the donor and 
the long operative procedure in the recipient we usually 
give the patients five days of Gentamycin. Repeated 
cultures are taken from the blood, wound drains, T- 
tube, urine, mouth, nose and perineum. 
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Bile Drainage 


Most deaths after liver grafting have been due to 
complications of biliary drainage. Techniques using the 
gall bladder and cystic duct with anastomosis of the gall 
bladder to the gastrointestinal tract have the disad- 
vantages of a blind sump of common bile duct below 
the cystic duct, which may fill up with biliary sludge 
and the narrow cystic duct which may become blocked. 
Cholangitis is a hazard because there is no protection 
from the sphincter of Oddi. Starzl uses 18 inch long 
Roux loops to lessen the chances of cholangitis. 

The most anatomical drainage is a direct duct-to-duct 
anastomosis. When the ducts are of sufficient length 
and caliber and there is a good blood supply to the 
donor duct, this can produce excellent drainage. The 
anastomosis is splinted by a T-tube, the long arm being 
brought out through the recipient duct (Fig. 6). 

We have used a new technique for the past two anda 
half years in which the gall bladder acts as a conduit 
between the donor and recipient ducts without relying 
on cystic duct drainage. Tension is avoided and as 
wide an anastomosis as possible can be made. The 
extrahepatic biliary system is irrigated with heparinized 
Hartmann's solution, 1 l/day for the first seven to ten 
postoperative days, and if the cholangiogram is then 
satisfactory, the T-tube is spigotted but left in place 
to be removed after three months, if a cholangiogram 
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FiG. 6. Diagram of orthotopic liver transplantation with drainage 
of bile via a choledochodochostomy over a T-tube. CLA 
of the British Journal of Surgery). 
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Fic. 7. T-tube cholangiogram of patient with orthotopic allograft 
with gall bladder used as a pedicle graft conduit. (Courtesy of 
the British Medical Journal). 


is still satisfactory (Fig. 7). If the recipient common 
duct cannot be used for anastomosis, for example after 
previous duct surgery, the gall bladder conduit has 
been used for the upper part of the anastomosis, and 
the fundus of the gall bladder joined to a long Roux 
loop (Fig. 8). The new technique has been used in 27 
cases, with complications in nine. In seven of these 
cases further operative procedures were carried out. 
The presence of the gall bladder allowed access to 
areas of stenosis or obdurating sludge and good early 
results were obtained in all cases. One patient lost 
to follow-up developed recurrent jaundice dying a year 
after operation. With this one possible exception, the 
new technique of bile drainage has eliminated the ex- 
pected fatal complications that caused the death of 
15 out of 31 cases where other techniques of biliary 
drainage were used (Table 1). The common form of 
biliary sludge secondary to stasis has been encountered 
where there has been significant stenosis. Another form 
of sludge described by McMaster et al.? seems to be 


( "+ peculiar for liver transplant patients. It consists of an 
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Fic. 8. Diagram of the use of the vascularised gall bladder as a 
conduit between the donor common duct and a long Roux loop 
of jejunum in a patient whose own common duct could not be used. 
Hartmann’s pouch is anastomosed to the common bile duct of the 
donor and the fundus of the gall bladder to the Roux loop. 
(Courtesy of the World Journal of Surgery). 


insoluble sticky conglomerate, composed mainly of 
collagen, believed to result from ischaemia damage to 
the walls of the bile ducts. This primary sludge has 
been less common in the last two years during which 
time the ‘‘brain dead heart-beating donors’’ have been 
used. 


Immunosuppression 


Starting on the day of transplantation, the patient 
is given three days of Cyclophosphmiade at 2 mg/kg 
and hydrocortisone 500 units intravenously. On the 
fourth day the Cyclophosphamide is changed to Aza- 
thioprine 2 mg/kg and the hydrocortisone to predniso- 
lone 50 mg/day. The dose of the Prednisolone is grad- 
ually reduced and may be omitted after some weeks. 
This is in marked contrast to the recipients of cadaver 
kidney transplants in whom the steroid dosage has to 
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be continued indefinitely. The Denver patients also re- 
ceive antilymphocyte globulin. There has been a tend- 
ency for patients with liver grafts to receive unneces- 
sarily large doses of immunosuppressive agents and 
this has undoubtedly lead to serious infective complica- 
tions. Rejection is very difficult to diagnose and needle 
biopsies are not easy to interpret. If liver function de- 
teriorates, with a normal T-tube cholangiogram and a 
positive leucocyte migration test,’ then rejection is the 
presumed diagnosis and high doses of steroids are given 
with a regime similar to that used in kidney transplant 
patients, that is 200 mg/day Prednisolone for three 
days, falling by 25 mg every two days. 

Rejection was the cause of death in under 10% of the 
Denver cases" and in only four of our patients. This 
Is a much lower incidence than that observed in kidney 
grafts. A feature in three of our cases was predominant 
destruction of small bile ducts, the appearances resem- 
bling primary biliary cirrhosis. It is possible that biliary 
epithelium within the liver is especially vulnerable to 
rejection in man. Clinically these patients developed 
progressive cholestatic jaundice with good parenchy- 
mal function until just before death, when liver failure 
occurred. 


TABLE 1. Primary Causes of Death and Other Serious 
Complications in 74 Cases 


Deaths in first postoperative 


week 14 
Hemorrhage 8 
Cardiac arrest 2 
Septicemia 2 
Pneumonia 


Acute rejection 
Deaths from complications of 
biliary drainage 15 
Deaths from recurrent tumor 14 
Deaths from sepsis in the pres- 
ence of satisfactory biliary 
drainage 10 
Deaths from chronic rejection 3 
Other causes of death 6 
Thrombosis of IVC and 
portal vein 
Hepatic artery thrombosis l 
Spontaneous colonic 
perforation l 
Myocardial infarction l 
Lost to follow-up ? cause of 
death, after 1 year l 


to 


Total 62 

Other Serious Complications 
Reticulum cell sarcoma In patient dying after 6 months 
from sepsis 

In patient surviving more than 
3 years 

In patient dying after one year 
from recurrent cholangio- 
carcinoma 


Operative cardiac arrest suc- 
cessfully resuscitated 

Development of adenocarcinoma 
of rectum 
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TABLE 2. Seventy-four Orthotopic Liver Allografts 
Deaths 
bie No. of First First Week 6 Months More Than 
Year Cases Week to 6 Months to 1 Year 1 Year Alive 
1968-1974 35 11 19 2 2 (5.3 yr) 1 (3.10 yr) 
(2.1 yr) 
1975—1977 39 3 15 6 4 (1 yr+) 11 (1: 2 yr) 
(4: I yr+) 
(5: 5—10 mths) 
(i: 1 week) 
Total 74 14 34 8 6 12 
Results more and the mortality rate fell markedly in patients 


The overall survival of our 74 cases at the end of 
1977 is shown in Table 2. Between 1968 and 1978 there 
were 11 deaths during the first postoperative week, 
out of 35 cases. Of the 39 cases grafted between 1975 
and 1977 there were three deaths in the first week. 

We have recently transplanted more patients with 
nonmalignant cirrhotic disease, as shown in Table 3, 
the perioperative deaths have been confined to these 
cases who are more serious operative risks. The pre- 
operative blood pressure seems to be of importance 
prognostically. A systolic pressure below 100 mmHg 
is thought to be due to impaired myocardial function 
resulting from the chronic liver disease. In such cases 
a relentless fall in pressure tends to occur following 
anesthesia, leading to poor perfusion and cardiac ar- 
rest. We have no satisfactory form of management for 
such ill patients and the only reasonable policy is to 
select the patients earlier and operate on them before 
they pass into a moribund state. The decrease in peri- 
operative mortality since 1975 is thought to be due 
to increasing experience of both anesthetists and sur- 
geons and the transferring of preserved livers which 
has increased the pool of potential donors and per- 


surviving beyond the first year, half the one-year sur- 
viving patients being currently alive more than two 
after operation, eight more than three years and four 
more than five years. The longest survivor is more 
than 7/2 years with normal liver function, living at 
home and attending school. One patient has had a nor- 
mal pregnancy after liver graft, giving birth to a healthy 
child (Starzl personal communication). In our series, 
12 patients lived more than a year and currently 14 
are alive with good liver function. 

In patients with primary malignancy of the liver, 
liver transplantation is analagous to major resectional 
surgery in patients with cancer of the lung, stomach 
or colon. Palliation is hoped for and sometimes patients 
are cured. In the future parenchymatous liver disease 
rather than malignancy will probably be the main indi- 
cation for liver transplantation. 
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TABLE 3. Indications for Orthotopic Liver Transplantation in 74 
Patients Treated Between May 2, 1968 and December 31, 1977 


mitted transplantation of patients at an earlier stage Diagnosis No: of Cases 
in their diseases. l i 
Many patients with cancer have received palliation gb veld oor A ion z 36 
been cured. Our longest survivor lived 514 years, dying Kupffer cell sarcoma l 
of biliary tract infection, secondary to biliary calculi. rie s f , 
There was no evidence of recurrent growth at autopsy. Cirrhosis 30 
Our longest current survivor is four years after opera- Cryptogenic 9 
tion with no evidence of hepatoma recurrence. When a a à 
the operative procedure has been satisfactory, re- Posthepatitic 3 
covery from operation has often been rapid, patients Secondary biliary 3 
being discharged from hospital three to four weeks Nghe E i 
after surgery and returning to normal life shortly there- Henochroniatosis 1 
after. Galactosaemia 1 
: ; : 14 Budd-Chiari Syndrome 2 
In a review of 103 patients transplanted in Denver Extrahepatic biliary atrésiá > 


more than a year previously, 29% survived a year or 
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Provocative Agents and the Diagnosis of Medullary 
Carcinoma of the Thyroid Gland 


SAMUEL A. WELLS, JA., M.D., STEPHEN B. BAYLIN, M.D.,* W. MARSTON LINEHAN, M.D., RUTH E. FARRELL, R.N., 


Twenty-six patients with known or suspected medullary thy- 
roid carcinoma (MTC) and 21 normal control subjects were 
tested intravenously on four separate days with calcium glu- 
conate (CG), 2 mg Ca**/kg/1 min.; pentagastrin (P), 0.5 ug/kg/ 
5 sec.; calcium chloride (CC), 3 mg Ca**/kg/10 min.; and 
a combination of calcium gluconate and pentagastrin (CG 
+ P). Calcitonin (CT) levels were determined by radioimmuno- 
assay on plasma collected before and immediately following 
each test infusion. In none of the 21 control subjects was 
there a clear increase in CT above 200 pg/ml following any 
of the four provocative tests. Conversely, in all 26 patients 
with known or suspected MTC, plasma CT levels were mark- 
edly increased (7300 pg/ml) following the combined infusion 
of CG + P. The peak CT response was greater with CG + P 
than with a) CG alone (22 of 24 patients, p < 0.002), b) P 
alone (25 of 26 patients, p « 0.002), or c) CC alone (17 of 17 
patients, p < 0.002. Of 12 MTC patients with undetectable 
basal calcitonin levels, all had peak responses greater than 
300 pg/ml following CG + P, whereas such responses occurred 
less often following CG alone (8 of 12) or P alone (8 of 12). 
The results demonstrate that the combined administration of 
pentagastrin and calcium gluconate constitutes a more effec- 
tive and reliable stimulus for CT secretion from MTC cells 
than the use of either agent alone, and appears the most useful 
single screening test for the detection of occult MTC. - 


MTE ENDOCRINE NEOPLASIA type II (MEN II) 
is a familial disease inherited as an autosomal 
dominant trait and characterized by the concur- 
rence of medullary thyroid carcinoma (MTC), pheo- 
chromocytoma(s), and parathyroid hyperplasia. The 
medullary thyroid tumor cells secrete the hormone cal- 
citonin (CT), and detection of elevated plasma levels 
(>300 pg/ml) of this polypeptide in screened MEN II 
kindred members strongly suggests the presence of 
MTC even though it may not be apparent clinically.?$ 
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Several provocative agents'~*? are known to increase 
plasma calcitonin levels by stimulating its secretion 
from MTC cells, but the two most potent appear to be 
calcium ion?* and pentagastrin.! Intravenous pentagas- 
trin (0.5 ug/kg) has been shown to stimulate higher 
plasma CT levels more quickly in MTC patients than 
a standard four hour calcium infusion (15 mg/kg).'/ 
Rude and Singer,? however, recently reported that a 
one minute calcium gluconate infusion, sufficient to ele- 
vate the serum calcium 2 mg/dl, stimulated higher 
plasma CT levels in patients with MTC than did penta- 
gastrin. Thus, some uncertainty exists regarding the op- 
timal procedure for establishing the diagnosis of medul- 
lary thyroid carcinoma, especially in those patients 
with early or preclinical disease. The present study 
was undertaken in an attempt to resolve this issue. 
The response of calcitonin secretion to the intravenous 
administration of calcium gluconate,? calcium chlo- 
ride,* pentagastrin,! and a combination of calcium glu- 
conate and pentagastrin was compared in normal sub- 
jects and in patients with known or suspected MTC. 


Materials and Methods 
Patient Population 


Twenty-one normal control subjects (mean age 32.7 


` years, range 15—52 years) and 26 patients with known 
or suspected MTC (mean age 35.7 years, range 15—65 


years) were studied. Of the 26 patients, ten were mem- 
bers of an MEN II kindred undergoing their first evalu- 
ation for the presence of MTC. Six of these ten pa- 
tients had no evidence of MTC clinically, while four 
had palpable thyroid nodules. Seven of the 26 patients 
had previously undergone thyroidectomy for MTC and 
although none had elevated basal CT levels, all had 


0003-4932-78-0800-0139-0060 © J. B. Lippincott Company 


139 


140 


TABLE |. Twelve Patients with MTC and Undetectable 
Basal Calcitonin Levels 
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230 260 1070 
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N.D. - Not determined. 

Peak calcitonin levels following provocative testing with penta- 
gastrin (P), calcium gluconate (CG), calcium gluconate plus 
pentagastrin (CG + P), and calcium chloride (CC) in 12 patients 
with medullary thyroid carcinoma (MTC) and undetectable basal 
calcitonin levels. Patients undergoing their initial evaluation for 
MTC are denoted by an asterisk. Results are expressed in pg/ml as: 


peak plasma calcitonin level following stimulation 
basal plasma calcitonin level 


plasma levels greater than 300 pg/ml following intra- 
venous pentagastrin. The remaining nine of the 26 pa- 
.tients had documented metastatic MTC with basal CT 
values ranging from 800 to 40,000 pg/ml. Both control 
subjects and patients with known or suspected MTC 
were fully informed of the proposed study. 


Test Agents 


Four different intravenous tests were used: 1) cal- 
cium gluconate (CG), 2 mg Ca**/kg/1 min.; 2) penta- 
gastrin (P), (Peptavion®, Ayerst Laboratories), 0.5 ug/ 
kg/5 sec.; 3) calcium chloride (CC), 3 mg Ca**/kg/10 
min.; and 4) a combination of calcium gluconate, 2 mg 
Cat*/kg/1 min. and pentagastrin, 0.5 ug/kg/5 sec. (CG 
+ P). With CG + P, the CG was infused over one min- 
ute followed immediately by the five second injection 
of pentagastrin. 

Blood samples were drawn before and at one, two, 
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three, five and ten minutes after each test infusion, 
the plasma separated and stored at —70°. Plasma cal- 
citonin was measured by radioimmunoassay according 
to procedures described previously in detail.! 

The provocative tests were performed in a random 
order for each patient usually within one week. All 
control subjects and MTC patients received CG, P, and 
CG + P, however, only ten controls and 17 patients 
with known or suspected MTC were tested with CC. 


Plasma Calcium 


The total plasma calcium concentration was deter- 
mined utilizing an atomic absorption spectrometer, 
Model No. 151 (Instrumentation Laboratory, Lexing- 
ton, Massachusetts). 


Statistical Analyses 


Paired comparisons were carried out between the 
results of each of the six possible pairs of stimulation 
tests by means of the sign test. Exact probabilities 
were obtained from a table of cumulative binomial 
probabilities or, for larger samples, using a normal ap- 
proximation to the binomial distribution. 


Results 


None of the control subjects exhibited a detectable 
increase in plasma CT above 200 pg/ml following in- 
fusion of any of the four test agents. Conversely, in 
all 26 patients with known or suspected MTC, an ele- 
vated plasma CT level (>300 pg-ml) was detected 
within one to five minutes following at least one of the 
four provocative tests. The combined infusion of 
CG + P resulted in higher peak CT levels than: 1) CG 
alone (22 of 24 patients, p < 0.002; in two additional 
patients peak levels were equal); 2) P alone (25 of 26 
patients, p < 0.002); and 3) CC alone (17 of 17 pa- 
tients, p < 0.002). Comparisons of CT levels follow- 
ing CG stimulation alone to those following P stimula- 
tion alone showed that CG provoked higher peak 
CT levels in 12 patients, while P produced higher 
peak levels in 14 patients. Calcium gluconate and 
pentagastrin were each superior to calcium chloride 
with regard to peak CT response (p < 0.002). 

Of the 26 patients with known or suspected MTC, 
12 had undetectable basal CT levels (Table 1), how- 
ever, each had peak CT responses above 300 pg/ml 
following CG + P, strongly suggesting the presence 
of MTC. Elevated CT responses (>300 pg/ml) were 
less frequent following P alone (8 of 12) or CG alone 
(8 of 12). Representative examples of data from six of 
these 12 patients are shown in Figure 1. Three of the 
12 patients (Nos. 2, 3, and 5) had peak CT levels 
above 300 pg/ml following CG + P only, and not with 
P alone or CG alone (Fig. 1). Of the 26 patients with 
known or suspected MTC, 11 had peak CT levels fol- 
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lowing CG + P which were higher than the sum of the 
peak CT values with CG alone and with P alone. 

All control subjects and patients with MTC ex- 
pressed some discomfort during the calcium glu- 
conate and pentagastrin infusions. Most often the P 
infusion was followed by a sensation of tightening in 
the pharynx and retrosternal area, and by epigastric 
fullness. The CG infusion was accompanied frequently 
by a generalized flush, an urge to micturate, and 
epigastric fullness. All symptoms usually were mild 
and transient, lasting only 30-45 seconds. The dis- 
comfort was not increased by the combined infusion. 
In normal subjects and patients with MTC who re- 
ceived the CG infusion, the mean increase in the 
plasma calcium concentration was 2.1 mg/dl. 

The ten members of the MEN II kindred who 
were initially diagnosed as having MTC either clini- 
cally (four patients) or biochemically (six patients), 
underwent neck exploration and total thyroidectomy. 
Nine of the ten patients had grossly visible foci of 
MTC in both thyroid lobes. C-cell hyperplasia was 
the microscopic diagnosis of the resected thyroid 
gland in one patient (No. 5, Fig. 1). 

Discussion 

Medullary thyroid carcinoma is a component part 
of the familial disease multiple endocrine neoplasia 
type II. Since MTC cells secrete the hormone CT, 
detection of increased plasma levels of this polypep- 
tide by radioimmunoassay serves as an effective 
screening method for the early diagnosis of occult pri- 
mary disease as well as for persistent or recurrent 
MTC following thyroidectomy. The sensitivity of this 
diagnostic test has been markedly increased by the 
utilization of certain pharmacological agents which pro- 
voke CT release from MTC cells. Although the most 
effective provocative substances seem to be calcium 
ion and pentagastrin, it has not been established 
clearly which of these two constitutes the best single 
agent for screening patients with suspected MTC. 

In the current study, four provocative tests were 
used in both control subjects and patients with known 
or established MTC. Our present results now indicate 
that the combination of calcium gluconate and penta- 
gastrin administered intravenously represents the most 
useful screening test for occult primary or metastatic 
medullary thyroid carcinoma. Of the 12 MTC patients 
with undetectable basal CT levels, all had peak re- 
sponses above 300 pg/ml following CG + P. Simi- 
larly elevated CT responses were detected less often 
following P alone (eight of 12) or CG alone (eight of 
12). More importantly, three of the 12 MTC patients 
had peak CT levels below 300 pg/ml with both P alone 
and CG alone, and would not have been diagnosed if 
these two provocative agents had been used separately. 

The ideal provocative test should be one which is 
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capable of being performed rapidly and simply in the 
clinic or in the field. The test agent should produce 
minimal side effects in the subject evaluated, and most 
importantly, should produce a detectable increase in 
plasma CT levels in a high percentage of patients with 
occult MTC, but not in subjects without this disease. 
The use of CG + P as a screening test for MTC fulfills 
all of these criteria. This combination test provides a 
higher diagnostic azcuracy than any of the other pro- 
vocative agents currently available, and thus repre- 
sents the simplest screening technique for both the 
physician and the patient. 
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Prevention of Liver Reticuloendothelial Systemic Host 
Defense Failure After Surgery by Intravenous 
Opsonic Glycoprotein Therapy 


THOMAS M. SABA, Ph.D. 


Depression of the reticuloendothelial system (RES) was ob- 
served in rats following operative trauma consisting of 
laparotomy and jejunal enterotomy. This RES depression was 
manifested as a significant impairment in the phagocytic 
clearance of intravenously injected blood-borne test colloid 
mediated by a decline in hepatic Kupffer cell phagocytosis. 
Reticuloendothelial systemic host defense depression was cor- 
related with a significant decline in bioassayable and im- 
munoreactive opsonic @,SB glycoprotein concentration over 
a 1-3 hr postoperative period with rebound elevation in 
opsonic activity by 24 hr postsurgery. Intravenous adminis- 
tration of purified opsonic a,SB glycoprotein at the end of 
the operation prevented postoperative opsonic deficiency and 
restored normal hepatic RES phagocytic function. These 
studies coupled with previous observations in patients 
following surgery or after severe multiple trauma suggest 
that reticuloendothelial depression during and after operation 
mediated by opsonic deficiency may lead to a precarious 
imbalance between systemic host defense and the dissemina- 
tion of blood-borne foreign and effete particulate matter such 
as injured platelets, fibrin microaggregates and immune 
complexes. Immunoreactive serum opsonic o,SB glycopro- 
tein determinations may serve as a valuable index of hepatic 
RE clearance capacity and opsonin therapy may potentially 
be a selective means to augment systemic host defense. 


REVIOUS STUDIES HAVE DOCUMENTED à pro- 
found depression of the RES in animals after 
surgery, hemorrhage and whole-body trauma.*:?:?1:32.- 
3345 Parallel observations in patients following major 
elective surgery or multiple trauma also reveals a similar 
impairment of RES phagocytic activity,!^3939.49 The 
phagocytic depression in man and experimental animals 
appears to be due to a humoral opsonic deficiency as 
expressed by consumption of a nonimmunoglobulin 
alpha-2-glycoprotein.97?1:21-4? In an analogous manner, 
"consumptive opsoninopathy'' with reference to spe- 
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cific immunoglobulin depletion has been demonstrated 
in surgical and burn patients with sepsis and correlated 
with decreased antibacterial immunity. 

Recently, the a-2-globulin modulating hepatic phago- 
cytic uptake of nonbacterial test particulates has been 
isolated and purified from rat and human serum.!®78 
It is a large molecular weight glycoprotein?:94 which 
readily binds to and opsonizes foreign particulates.**! 
Its affinity for binding to abnormal and foreign surfaces 
has suggested the term alpha-2-surface binding glyco- 
protein (a,SB glycoprotein) in reference to this macro- 


. globulin*!? and hepatic Kupffer cells are especially 


sensitive to its regulatory influence^^?!2595 which 
correlates with the liver's role as a major determinant 
of systemic particulate clearance.?!-95 | 

The recent isolation ofthe opsonic o4 8B glycoprotein 
from rat and human serum coupled with the develop- 
ment of an immunoassay to quantify its serum concen- 
tration^?!? provides the opportunity to evaluate the 
effectiveness of intravenous opsonic therapy during 
surgery as a means to prevent postoperative opsonic 
deficiency. In the present study, the ability for intra- 
venous opsonin therapy to circumvent postoperative 
opsonic a,SB glycoprotein depletion and associated 
RES depression was investigated in experimental rats. 
Bioreactive and immunoreactive opsonic a,SB glyco- 
protein levels were used to monitor opsonin replace- 
ment and RES function was quantified by colloid clear- 
ance. 


Materials and Methods 
Animals and Surgical Procedure 


Male Sprague-Dawley rats (250—300 g) maintained 
on lab chow and tap water ad libitum were used in 
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all experiments. The surgical trauma procedure con- 


sisted of a 5 cm sterile laparotomy coupled with jejunal . 


enterotomy (1.5 cm) under ether anesthesia followed 
by immediate closure of the intestinal and abdominal 
incisions. Animals were mobile within 15 min following 
surgery and allowed access to food and water through- 
out the experimental period. Control sham operated 
rats were similarly handled and anesthetized. 


Reticuloendothelial Phagocytic Evaluation 


Reticuloendothelial function with reference to phago- 
cytic activity was evaluated by a colloid clearance 
technique?! with the use of the gelatinized I?! “RE 
test lipid emulsion. ?12338/422 This clearance technique 
has been used previously in the experimental evaluation 
of phagocytic activity in animals and man?! and the 
selective localization of this test colloid in RE cells, 
especially the hepatic Kupffer cells, has been confirmed 
by electronmicroscopy.* The test emulsion was pre- 
pared from an anhydrous base of !?!I-labelled triolein 
(Mallinckrodt Nuclear, St. Louis, MO), glycerol, and 
alcohol-soluble soya lecithin, mixed by high-speed 
blenderization in a ratio of 10/10/1 by weight, respec- 
tively.?132363? Prior to use, the anhydrous lipid base 
was supplemented with 0.326 gelatin (N.B.C.) contain- 
ing sterile 5% dextrose and water solution previously 
adjusted to pH 7.4. The final RE test emulsion with a 
10% lipid base concentration was incubated with oscil- 
lation at 37? for 20 min prior to intravenous injection. 

The rate of vascular clearance of the test emulsion, 
expressed as either the ‘“‘phagocytic index" (K) or 
half-time (t/2) was used as a measure of RE phagocytic 
activity.?123.24.32235 [In this procedure, the emulsion 
having a maximum specific activity of 0.03 wC/mg lipid 
base was injected intravenously at a dose of 50 mg per 
100 g of body weight and serial 0.1 ml aliquots of whole 
blood were collected from the cut tail at two minute 
intervals and analyzed for ?'I colloid concentration. 
Postinjection blood levels of the colloid, expressed as 
the per cent of the injected dose circulating per milli- 
meter of blood (%ID/ml), were plotted similogarith- 
mically against time in min and the phagocytic index 
(K) as well as the half-time (t/2) for colloid clearance 
was calculated.?::52:36 The phagocytic index K is classi- 
cally calculated?! from the expression: 


log C; — log C, ~ 


K = : 
T: T, 


‘where C, and C, represent the blood colloid concen- 


tration at times T, and T,, respectively. Alternatively, 
the phagocytic index (K; min) which is the rate con- 
stant of the exponential disappearance curve can be 
calculated by least squares fit of the five serial blood 
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concentration determinations (%ID/ml) to an exponen- 
tial against time for each individual rat. This was done 
for each clearance with a DEC-10 computer to validate 
each individual half-time (t/2) determination. Tissue 
distribution of the test particles in random duplicate 
aliquots of liver, lungs, spleen and femoral bone mar- 
row was evaluated on a per gram (%ID/g) and total 
organ (%ID/TO) basis at ten minutes after injection, 
and bone marrow compartment size was estimated as 
previously described.?:3^?6 All tissue samples were 
washed in cold isotonic saline to remove residual blood 
radioactivity prior to isotopic analysis. 


Bioassayable Plasma Opsonin Determinations 


The opsonic activity of normal and postoperative 
plasma was evaluated with an in vitro tissue slice bio- 
assay method.9:12.2021,3236 J ivers obtained from normal 
rats were sliced to a weight of 200—300 mg with a Sta- 
die-Riggs tissue slicer and incubated in a medium con- 
taining 0.75 ml of experimental plasma, 2.25 ml of Krebs- 
Ringer phosphate buffer (pH = 7.4), 100 USP units of 
heparin (Upjohn) and 2 mg of the gelatinized '?!T-RE 
test lipid emulsion (1.0% emulsion with 0.1% gelatin 
was used in the in viiro bioassay). All tissue slices were 
incubated under a gas phase of 95% O, and 5% CO, 
with oscillation (60 cycles/min) in a Dubnoff metabolic 
shaker at 37° for 3D minutes. Following incubation, 
the liver slices were washed in cold isotonic saline, 
weighed, and analyzed for I colloid uptake. The 
plasma opsonic activity was evaluated in terms of its 
ability to increase hepatic Kupffer cell phagocytosis 
expressed as the per cent of the supplemented 2.0 mg 
dose (%ID) phagocytized per 100 mg of liver tissue. 3736-40 
This response is due to the opsonic a-2-globulin coating 
the test particles and thus augmenting their recognition 
and uptake by the Kupffer cells. 9.736 This technique 
has been previously used to evaluate plasma or serum 
opsonic activity in animals and man under a variety of 
experimental conditions. §:!2-20-23-34.36,40 

Blood and tissue ™'I radioactivity was determined 
with a Nuclear-Chicago auto gamma crystal scintilla- 
tion system equipped with a two inch sodium iodide 
crystal. All samples were counted in duplicate with 
independent standards in each experiment. The data 
were statistically analyzed with Student's t-test, plac- 
ing the confidence level at 95%. 


Isolation and Purification of Opsonic &SB Glycopro- 
tein (Sequential Steps) 


Serum collection. For obtaining fresh serum, blood 
was drawn via the inferior vena cava from unfasted, 
ether anesthetized male Sprague-Dawley rats (200—300 
mg) using plastic syringes rinsed with 0.1 M EDTA to 
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prevent fast clotting.9:9? The blood was allowed to clot 
for 60 min at room temperature and then centrifuged 
(4°) at 5000 x g for 20 minutes. Serum obtained was 
maintained at 4? prior to and during fractionation. 

Ammonium sulfate precipitation. The pooled serum 
was diluted with three volumes of ice-chilled distilled 
water containing 2-mercaptoethanol (ME) in a final 
concentration of 0.01% (v/v) and then subjected to 
ammonium sulfate precipitation.9!9? Solid (NH44SO, 
was added under stirring to the diluted chilled serum to 
a final concentration of 35% saturation (20.9 g 
(NH4480/100 ml diluted serum). Half of the salt was 
added directly and allowed to equilibrate for 15 min 
prior to addition of the remaining salt over a 30 min 
period. After equilibration for 1.0 hr at 4° the 
suspension was centrifuged at 8000 x g for 20 min at 0°, 
and the sediment was dissolved in cold distilled water 
containing 0.176 ME, using a volume equal to the 
original volume of serum. This was dialvzed overnight 
against 30—40 volumes of 0.053 M Tris-citrate buffer 
(pH 8.4) at 4°. 

Preparative free-flow electrophoresis. The dialyzed 
fraction was further fractionated using high voltage free- 
flow electrophoresis (Brinkman FF-1). Electrophoresis 
was conducted at an operating temperature of 5? with a 
separating buffer composed of 0.053% M Tris-citrate 
(pH 8.4) and an electrode rinse buffer of 0.240 M Tris- 
citrate. Electrophoresis was conducted at 120—140 mA 
and 2,600 volts with a buffer flow rate of 115 ml/hr and 
sample application rate of 3 ml/hr. After plotting of the 
elution profile, the a-2-globulin peak was pooled and 
dialyzed against 25 volumes of 55% saturated 
(NH,).SO, in phosphate buffered saline containing 
0.01%-2 ME (pH 7.4) at 4? for 6.5 hours. The 
suspension was centrifuged at 8000 x g for 20 min and 
the sedimented protein was collected and stored at 
—78° under N;. The isolated protein will stimulate 
phagocytosis and can be maintained in the lyophilized 
state with retention of biological activity."9 This 
fraction with an approximately 90-fold purification®” 
was used in the therapy experiments. Further 
purification to an antigenically homogeneous fraction 
can be achieved by application of Sepharose 4B gel 
filtration followed by gel filtration on Sepharose 6B and 
the level of purity has been confirmed by polyacrylamide 
gel electrophoresis*!? as well as electroimmunoassay.’ 
Purified a.SB glycoprotein was used in the immuniza- 
tion procedure to develop monospecific antibody for 
the immunoassay. 


Antiserum Preparation 


Antiserum to the isolated opsonic protein was 
prepared in a manner similar to that described by 
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Blumenstock et al. One milligram of the opsonic 
protein in 1.0 ml phosphate buffered saline was 
combined with 1.0 ml of complete Fruends adjuvant by 
emulsification. The immunization course consisted of a 
weekly injection of 0.1 ml of this emulsion into each 
footpad of male New Zealand white rabbits (3—5 kg) for 
four weeks. At the time of the fourth injection an 
additional 0.5 ml of the emulsion was injected into each 
thigh muscle of the rabbit. The rabbits were bled one 
week after the final injection at peak levels of 
antiopsonic activity. 


Preparation of Immunoadsorbant 


The immunoadsorbant used to remove antibodies 
developed against contaminating antigens for prepara- 
tion of monospecific antiserum was prepared using 
opsonin deficient serum obtained from colloid induced 
RE-blockade rats as recently described.^?9 In this 
procedure, aqueous glutaraldehyde at a concentration 
of 2.5% (wt/wt) was added dropwise to the opsonin 
deficient serum while stirring at room temperature in a 
ratio of 0.26 ml of glutaraldehyde per ml of serum. The 
serum glucaraldehyde mixture was allowed to stand for 
a minimum of 3—4 hr or preferably overnight at room 
temperature. The insolubilized serum was dispersed in 
two volumes of distilled water using a 10 ml disposable 
tissue culture pipette. The gel was then centrifuged at 
4000 x g for ten minutes and the supernatant was 
aspirated and discarded. The final gel was washed twice 
with distilled water. Continued washing was performed 
with 0.1 M phosphate buffer, pH 7.4, until the 
supernatant had zero absorbance at 280 nm. The 
antiopsonin antiserum was then adsorbed to yield 
monospecific antiserum by adding 1.5g of the 
immunoadsorbant to 10 ml of antiserum with mixing at 
room temperature for two hours. The mixture was then 
centrifuged at 105,000 x g. for 20 min and the 
supernatant antiserum was collected and readsorbed 
again in an identical manner. It takes two to five repeat 
adsorptions to render the antisera distinctly monospe- 
cific as verified by immunoelectrophoresis. 


Electroimmunoassay Quantification of Immunore- 
active a4 SB Glycoprotein In Serum 


Electroimmunoassay or ''rocket" immunoelectro- . 
phoresis was used to quantitate opsonin levels.’ 
Agarose (Seakem) was dissolved in 0.07 M barbital 
buffer (pH 8.6 and 2 mM Ca lactate) to a concentration 
of 196 by careful heating to 100? while stirring. The 196 
agarose was then transferred to a 63? water bath and 
warmed monospecific antiserum was mixed with the 
agarose to yield a final antiserum concentration of 0.6% 
(dependent on the antiopsonin titer of the antiserum). A 
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15 ml volume of the agarose-antiserum solution was 
then pipetted onto a clear, warm, level 5 x 10 cm glass 
plate to yield a gel thickness of about 1.8 mm. After the 
agarose had hardened, (about 15-20 min) 3 mm wells 
were cut in the agarose plate one cm apart and 1.5-2 cm 
from one edge of the plate. The experimental serum to 
be assayed for immunoreactive opsonic a,SB glycopro- 
tein was collected via the tail vein under light ether 
anesthesia. All blood samples were allowed to clot for a 
minimum of 30 min prior to centrifugation to obtain 
serum. The serum was diluted to 10% and 10 wl was 
added to each well. The samples were then moved 
electrophoretically toward the anode at a voltage of 7.5 
Viem at 4° for 22 hr using an LKB multiphore system. 
The plates were then washed overnight at 37° in 0.15 M 
saline with several changes. 

The electroimmunoassay plates were then pressed 
and dried and subsequently stained for three minutes in 
0.596 Coomassie Blue R-250.? The stain consisted of 5 g 
of Coomassie Brilliant Blue R-250 in a solution of 450 ml 
of 95% ethanol and 100 ml of glacial acetic acid. A 
volume of 450 ml of 9596 ethanol and 100 ml of 
glacial acetic acid. A volume of 450 ml of dis- 
tilled water was added to the filtered stain in 
the ethanol-acetic acid solution and mixed. Slides 
were destained by washing three to four times 
in a solution of 95% ethanol-acetic acid-water 
(5/2/9) for three to four minutes per wash, and allowed 
to dry. The rocket heights were used as a quantative 
index of immunoreactive œ SB glycoprotein concentra- 
tion. Rocket heights were recorded in millimeters and a 
double reciprocal standard plot (1/mm vs 1/% serum) 
was defined with a DEC-10 computer using a standard 
rat serum (470 ng/ml at varying concentrations 
(2—20%). This curve was used for quantification 
of serum immunoreactive a,SB glycoprotein levels in 
pg/ml. ^19 


Results 


The data in Figure 1 demonstrates the significant in- 
fluence that plasma has on hepatic Kupffer cell phago- 
cytosis using the tissue slice bioassay. In 3.0 ml of the 
artificial medium, which was Krebs Ringer phosphate 
without plasma, minimal phagocytosis of the test 
colloid was observed. In contrast, with increases in the 
volume of plasma added to the incubation medium 
(with a parallel decrease in Krebs Ringer phosphate 
volume to maintain a total volume of 3.0 ml) liver slice 
uptake of the radiolabelled test colloid increases 
significantly (p < 0.05) and was approximately 25-fold 
greater than that observed in buffer. Maximal 
phagocytosis is usually observed at approximately 50% 
plasma concentration i.e., 1.5 ml plasma and 1.5 ml of 
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In Vitro Kupffer Cell Phagocytosis (% /D/100mg) 
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Fic. 1. Augmentation of in vitro hepatic Kupffer cell phagocytosis’ 
of the gelatinized I?! RE test lipid emulsion by fresh rat plasma. 
Each point represents the mean + SE of the mean with the number 
of samples in parentheses. Data is expressed as per cent added 
dose phagocytized per 100 mg liver (%ID/100 mg) after a 30 min 
incubation period. Each flask was supplemented with 100 USP units 
of heparin. In this experiment, varying volumes of plasma (0, 0.5, 
1, 2, or 3 ml) were evaluated. Krebs Ringer phosphate buffer used 
as the diluent to maintain a constant final incubation volume of 3.0 ml. 


Krebs Ringer phosphate. The steep portion of the 
sensitivity curve to the opsonic influence was at a 
plasma concentration of approximately 25% (Fig. 1). 
This concentration of plasma was used in the liver slice 
bioassay to detect increases or decreases in bioassay- 
able plasma activity as reflected in the Kupffer cell 
colloid uptake. 
Presented in Figure 2 is the bioassayable opsonin 
activity of plasma obtained at various intervals after 
operative intervention of laparotomy plus jejunal en- 
terotomy. A significant (p < 0.05) deficiency in opsonin 
activity was observed over the one to three hour post- 
operative surgery. The preoperative period control 
level of 13.50 + 0.96 ?6ID/100 mg declined by 46% at 
two hour postsurgery to a level of 7.34 + 0.85 ?61D/100 
mg. À rebound increase in the activity was apparent at 
24 hr as reflected in a level approximately 40% above 
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Fig. 2. Bioassayable plasma 
opsonic activity as a func- 
tion of time following surgi- 
cal trauma (laparotomy plus 
Jejunal enterotomy). Each 
point represents the mean 
+ SE of the mean with the 
number of incubation sam- 
ples in parentheses. Data 
is presented as the per cent 
of injected dose phagocy- 
tized per 100 mg liver tissue 
(761D/100 mg) over the 30 
min incubation period. Ac- 
tivity at one, two, and three 
hours was significantly 
(p < 0.05) decreased from 
preoperative levels with 
significant elevation (p 
« 0.05) at 24 hr. Experi- 
mental plasma was added to 
the 3 ml of medium in a 
25% concentration. 


36 48 


Time After Operation (hr) 


preoperative values. The rate of decline after laparot- 
omy plus jejunal enterotomy was greater than that 
observed after only midline laparotomy (Saba, unpub- 
lished data) which confirms previous studies?? indicating 
a correlation between the degree of surgical trauma and 
the degree of RE phagocytic depression. 

The biological activity of the purified protein relative 
to enhancement of Kupffer cell colloid phagocytosis 
is presented in Figure 3. In this study the in vitro activ- 
ity was tested with the liver slice bioassay over a dose 
range of 0.25—3.0 mg of Lowry protein in the purified 
opsonic fraction per assay. All flasks were supplemented 
with heparin (100 USP units/flask) in order to allow for 
expression of the biological activity of the purified 
protein. The amount of heparin used is far in excess 
of that required to trigger the reaction?! but the bio- 
assay is supplemented with this concentration so that 
it Is not rate limiting during the incubation procedure. 
A marked stimulation of particle phagocytosis was 
Observed and uptake with 3.0 mg of the purified protein 
fraction was comparable to that observed with approx- 
imately 1.0 ml of plasma. As determined from the bio- 
assayable levels and immunoreactive levels after sur- 
gery, the protein fraction was given i.v. at a dose of 
2.8 mg/100 g of body weight. This was at maximum 
approximately two times the estimated degree of deple- 
tion after surgery. 

Presented in Table 1 is the comparative response 


observed in immunoreactive opsonic o; SB glycoprotein 
levels with and without opsonic therapy after operation. 
Immunoreactive a,SB glycoprotein concentrations 
usually decline by 35—40% at two hour postsurgery. 
Over a 24-72 hr postoperative period, an elevation 
in the serum level of this protein to at least 50-100% 
above preoperative values is typically observed. The 
pattern detected by bioassay is quite comparable to 
the pattern detected by immunoassay. The intravenous 
administration of the purified protein at the end of 
surgery circumvented the opsonic deficiency at all 
postoperative intervals. Indeed, with replacement 
calculated at twice the estimated loss there was the 
anticipated higher than normal (p « 0.05) level of op- 
sonic o; SB glycoprotein in the serum throughout the 
postoperative period. Figure 4 demonstrates that treat- 
ment with opsonic protein restores bioassayable activ- 
ity to a level higher than control which correlates with 
the immunoreactive levels as presented in Table 1. 
To test whether the administration of the protein 
following surgery also prevented the RE phagocytic 
failure, the functional clearance capacity ot the RES 
relative to test colloid removal was evaluated following 
operative intervention at the two hour period in both 
nontreated and treated rats (Table 2). A significant 
(p « 0.05) depression in RES clearance of the test col- 
loid was observed by two hour postsurgery as reflected 
by the 40% decrease in the phagocytic index (K) from 
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0.025 + 0.002 to 0.015 + 0.001. Tissue distribution 
analysis revealed that the RES systemic clearance 
depression was primarily due to a 33% decrease in 
hepatic Kupffer cell phagocytosis (p « 0.05) and asso- 
ciated with a slight but significant elevation in pul- 
monary and bone marrow localization of the blood- 
borne test particles (Table 2). Intravenous administra- 
tion of the opsenic o5SB glycoprotein at the time of 
surgery reversed the RES clearance depression (Fig. 5) 
by restoring hepatic Kupffer cell phagocytic function 
(Table 2). While a decline in per gm particle localiza- 
tion in the lung was observed with therapy, the bone 
marrow uptake was still elevated. Spleen RE cell up- 
take of the test particles was comparable in all experi- 
mental groups indicating the specificity of the depression 
response especially with reference to the liver RE 
phagocytic mechanism. 

The overall composite clearance curves in Figure 5 
reveals the kinetics of the RES removal of the test 
particles with and without opsonin therapy. As can 
be seen, in contrast to the t/2 of 12.65 + 1.03 min in 
normal rats, there was a pronounced RES depression 
(p « 0.05) after surgery with a t/2 of 21.97 + 2.09 min. 
Opsonin therapy reversed this RE depression as re- 
flected in a particle clearance t/2 of 11.73 + 0.67 min. 


Discussion 


The reticuloendothelial system (RES) is a major 
host defense mechanism against infection, tumor growth, 
and potential microembolization of the microcircula- 
tion during intravascular coagulation.* 18-19-2427 Addi- 
tionally, the RES has been implicated as an important 
system of nonspecific resistance against various forms 
of stress such as major surgery, severe hemorrhage, 
burn injury and whole-body trauma.*?!-32:34-46 A promi- 
nent physiologic function of the RES, especially those 
RE cells in the liver and spleen, is clearance of blood- 
borne particulate matter as well as effete autologous 
tissue debris and denatured protein from the vascular 
compartment.21:35.3438.41 Such matter includes bacteria, 
endotoxin, immune complexes, altered platelets, tumor 
cells, and microaggregates of fibrin,!?:2529,29,3441 This 
process of ‘‘intravascular phagocytosis’ or so-called 
nonspecific *'systemic host defense"?! has been corre- 
lated with various parameters of altered resistance 
since experimentally induced RE depression decreases 
resistance to experimental shock, sepsis, as well as 
tumor growth and stimulation of RE clearance will 
increase resistance to similar insults.5:23:2428.31,45,46 

Many investigators have adequately documented 
the importance of both macrophages and polymorpho- 
nuclear leukocytes in both non-specific and specific 
host defense mechanisms.??:13:312*4 However, in terms 
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Fig. 3. Biological activity of purified opsonic o,SB glycoprotein 
as tested by liver slice bioassay. The isolated protein was added 
to a plasma free medium of Krebs-Ringer phosphate buffer (pH 
7.4) at the doses indicated and supplemented with 100 USP units 
of heparin per flask. Each point represents the mean + SE of the 
mean with the number of samples in parentheses. 


of RES removal of circulating particulates the liver 
is most centrally involved in this "vascular filtering" 
process primarily due to its extensive RE cell popula- 
tion (Kupffer cells) and its significant vascular perfu- 
sion which in man is approximately 25—3096 of the 


. cardiac output. This clearance or "filtering" function 


of the liver is not only of vital importance to cardio- 
vascular integrity but also prevents antigen '*overload"' 
to the periphery in the form of gut derived bacterial 
antigen. 

Attempts to quantify the RES removal process in 
the intact animal have utilized extensively the rate 
of clearance of various test colloids as a measure of 
RE function.” Such particulates have included colloidal 
carbon, radiogold, microaggregated denatured human 
serum albumin and the gelatinized RE-test lipid emul- 
sion. Át adequate intravenous dose levels in excess 
of the "'critical colloid dose” (CCD) the rate constant 
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TABLE 1. Influence of Intravenous Therapy* with Purified Opsonic Alpha-2-Glycoprotein on Bioassayable 
and Immunoreactive Opsonic Activity Following Surgery 





Bioassayable Plasma 
Opsonic ActivityT 


Immunoreactive Serum 
Opsonin Concentration] 


Experimental %ID/100 mg Rocket Height 
Group Treatment (mean + SE) pg/100 mg % Control (mm) pg/ml % Control 

Presurgery None 12.02 240.4 100 33.4 290.1 100 
+ 0.51 + 25.0 

Surgical trauma Saline 6.20 124.21 52t 28.3 191.44 661 
+ 0.73 + 13.5 

Surgical trauma Opsonin 16.19 323.88 1288 36.5 367.58 127 
+ 0.97 + 56.7 


* The opsonic a,SB glycoprotein was given intravenously via the 
dorsal vein of the penis at a dose of 2.8 mg of the protein fraction/ 
100 g body weight immediately at the end of surgery (laparotomy 
plus jejunal enterotomy). The protein fraction obtained at the end 
of free flow separation with subsequent dialysis contains 50% of its 
Lowry protein, as the opsonic protein. These rats received 1.4 mg of 
opsonin/100 mg body weight, on the basis of this calculation. 

t At two hours postsurgery bioassayable levels were assayed on 
plasma withdrawn in heparinized syringes and immunoreactive levels 
were quantified in fresh serum. Bioassayable data are presented as 
per cent added colloid phagocytized per 100 mg liver tissue (ZID/100 
mg) and ug colloid per 100 mg. Normal fresh rat serum was used 


for test colloid removal which is called the phagocytic 
index (K) is an index of RE phagocytic activity?! and 
correlates with various parameters of host defense as 
reflected in antitumor immunity, antibacterial immunity, 
and nonspecific host resistance to hemorrhagic, endo- 
toxic, and traumatic shock.*> 7931-45-46 Intravenous 
colloid injection not only challenges the RES but addi- 
tionally résults in a transient but significant state of 
postcolloidal RE depression called ** RE blockade.''3!:26 
Experimentally induced RE blockade which was orig- 
inally speculated to reflect cell saturation appears medi- 
ated by depletion of opsonic protein as detected by 
bioassayable and immunoreactive a,SB glycoprotein 
. levels and the temporal pattern of the opsonic activity 
correlates with RES function.^?'?9$ Animals in a state 
of RE blockade manifest decreased resistance to var- 
ious forms of experimental shock and an increased 
tendency to develop sepsis after severe hemorrhage.*?*- 
27,31,33,45.46 Tn addition, RE blockade predisposes the 
host to the development of the generalized Schwartz- 
man response after endotoxin challenge?^? and exag- 
gerates the organ disruption elicited by low grade intra- 
vascular coagulation.?’** These observations sug- 
gesting a relationship between RES function and shock 
resistance are further emphasized by the findings of 
Olcay et al.28 who demonstrated that with a variety 
of liver function tests, only hepatic RE clearance cor- 
related with survival of baboons following portal vein 
occlusive shock. Indeed, the studies bv Kaplan, et al.” 
demonstrate directly that selective RES depression 


in the immunoassay to plot the standard curve from which relative 
immunoreactive levels (g/ml) were determined. The normal opsonin 
concentration of the standard serum was 470 g/ml and the standard 
curve was sensitive over a range of 94-940 ug of opsonin. For 
the immunoassay, the presurgery concentration represents the aver- 
age of all 12 rats prior to surgery. Thereafter, they were split into 
two groups with six rats per group depending on whether they re- 
ceived the opsonic protein or saline. 

t Significantly (p « 0.05) decreased from presurgery level. 

§ Significantly (p « 0.05) greater than postsurgery level without 
opsonin therapy. 


induced experimentally by injection of antiserum to 
a-2-opsonic protein will acutely undermine resistance 
and increase mortality to experimental traumatic 
shock. 

From the standpoint of time course, the bioassayable 
a-2-globulin opsonic activity and associated phagocytic 
activity declines in experimental animals within the 
first few hours after surgery,??:3?*4 and is followed by 
a priod of rebound RE hyperactivity in association with 
an elevation in the level of this protein by one to two 
days.?^** Similarly, patients following various forms 
of elective surgery also demonstrate an acute deficiency 
of bioassayable plasma a-2-globulin opsonic activity 
within the first 24 hours following operation with recov- 
ery by two to three days after surgery.?? With experi- 
mental whole-body trauma, a phase of hepatic RE 
failure is observed over the one to six hour postinjury 
interval followed by restoration and subsequent aug- 
mentation of RE function within 24—48 hurs.*?133:24 
With increased levels of trauma, the degree of depres- 
sion in animals is more severe?! and a positive correla- . 
tion can be demonstrated between survival following 
experimental shock and RE recovery.*?9?3 Similarly, 
patients following severe multiple trauma demonstrate 
bioassayable a-2-globulin opsonic deficiency with a 
close correlation between opsonin levels in the post- 
trauma period and survival. Thus, nonsurviving 
trauma patients manifest persistent opsonin deficiency 
throughout their clinical course, while surviving trauma 
patients manifest an early restoration in activity.*° 
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Comparable to surgery and blunt trauma, an a-2-opsonic 
deficiency is observed in experimental burns as well 
as in burned patients and correlated to the extent of 
burn injury.??3" These collective observations in var- 
ious models of experimental and clinical shock have 
led to the concept that a fundamental disturbance in 
the opsonic system may be an important factor modu- 
lating RES function as well as survival after severe 
injury.” 

The role of the phagocytic system in resistance to 
severe shock and trauma and coexistent sepsis is not 
a new concept and has been amply emphasized by 
Alexander, et al., Saba, et al. and others? *23227.31,34 
since the studies by Zweifach.?**6$ However, the basis 
for this RE failure is only beginning to be understood 
and an effective therapeutic means to circumvent post- 
operative as well as posttrauma RE failure in the clinical 
setting remains to be documented. The chemical com- 
pounds that are available to stimulate RE phagocytic 
activity also result in RE cell or macrophage hyper- 
trophy and hyperplasia?! and thus induce cellular and 
organ disturbances which preclude routine clinical use. 
Additionally, the classical colloid clearance technique 
to measure RES function in patients!*?? has limitations 
in terms of routine clinical applicability.7?! 

In the present study, an early decline in bioassayable 
and immunoreactive o; S B opsonin levels was observed 
after surgical intervention which was followed by a 
rebound hyperopsonemia. These determinations by 
immunoassay confirm and extend our previous obser- 
vations which were exclusively obtained by bioassay 
with respect to alterations in this nonimmunoglobulin 
opsonic protein following surgery?" ?* and trauma.?!3440 
Indeed, impairment of RE function has now been docu- 
mented after whole-body multiple trauma, elective 
surgery, intestinal ischemia, portal occlusive ischemia, 
burn injury, hemorrhage, and endotoxin challenge.*!”-- 
14,21,24,32—34,37,38,45.46 Review? of these observations indi- 
cate that a typical RES systemic response pattern to 
injury consists of an early decrease in phagocytic activ- 
ity followed by a phase of rebound hyperphagocytosis. 
Moreover, the level of immunoreactive opsonic protein 
appears to parallel the hepatic RE function activity 
relative to particulate clearance. 

The potential clinical importance of RE phagocytic 
depression after surgery, burn injury, or traumatic 
shock has been amply reviewed.???* RES failure would 
result in a precarious imbalance between systemic 
host defense and the potential development of sepsis 
as well as nonspecific embolization of vital vascular 
beds by blood-borne denatured and effete particulate 
matter. It undoubtedly may have other consequences 
and could be related to the development of multiple 
organ failure after trauma especially with reference 
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Fic. 4. Bioassayable plasma opsonin activity two hours following 
surgery with and without intravenous opsonin therapy. The opsonic 
protein was injected intravenously at a dose of 2.8 mg Lowry protein 
per 100 gm body weight and controls were given an equivalent volume 
of the saline. Mean + SE of the mean are presented. Data is ex- 
pressed as per cent injected dose phagocytized per 100 mg liver 
tissue (%ID/100 mg). Each assay was supplemented with 0.75 ml 
of plasma to yield a concentration of 25%. 


to the genesis of posttraumatic pulmonary insuffi- 
ciency.?^*? The combination of failure in systemic 
RES clearance function as revealed in the present study 
coupled with interference of leukocyte bacterial phago- 
cytosis as demonstrated by Alexander, et al.?? in septic 
and burn patients would result in a severe ''crippling 
of nonspecific and specific host defense mechanisms. 
Both events appear to be related to an opsonic defect 
or ‘‘consumptive opsoninopathy'" but the humoral 
mediators appear to be distinctly different. This could 
reflect a difference between polymorphonuclear leuko- 
cytes and Kupffer cells, but more likely is related to 
the specificity of the substance phagocytized, i.e., 
bacterial uptake versus nonbacterial particulate phago- 
cytosis. While its relationship to postoperative !:15.16.26 
altered resistance to tumor growth can only be specu- 
lated,” the recent documentation of decreased survival 
to tumor cell challenge by rats with postoperative hypo- 
opsonemia? warrants further investigation. In either 
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TABLE 2. Influence of Intravenous Alph-2-Opsonic Glycoprotein Administration Following Surgery 
on Postoperative Reticuloendothelial Tissue Uptake of the Test Colloid* 


Tissue Phagocytic Activityt 


Phagocytic Liver Lung Spleen Bone Marrow 
Experimental Index 
Group (K) %iDig YID/TO %IDig —— ?eGlD/TO FIDig | ?6ID/TO WIDE %ID/TO 
Normal 0.025 4.18 42.82 0.49 0.61 7.51 4.97 0.25 1.52 
+ 0.002 + 0.14 + 2.00 + 0.03 + 0.03 + 0.65 + 0.33 + 0.04 + 0.26 
Surgery 0.015¢ 2.80% 26.911 0.801 0.981 7.23 4.61 0.691 4.231 
(Saline) + 0.001 + 0.26 + 2.61 + 0.14 + 0.19 + 0.85 + 0.48 + 0.09 + 0.50 
Surgery 0.026 3.71 36.57 0.68 0.86 8.25 5.98 0.70 4,32 
(Opsonin) + 0.002 a AD D2 2:25 + 0.05 + 0.06 + 0.71 + 0.47 + 0.07 + 0.47 


* RE function was measured by colloid clearance using a test 
dose of 50 mg/100 g body weight of the “I gelatinized RE test 
lipid emulsion injected intravenously into normal rats or at two hours 
postsurgery. 

+ Tissue uptake of the test colloid was determined at 15 min post- 


case, the basis for the RE phagocytic depression after 
surgery appears to be an opsonic a,SB deficiency and 
the liver RES. appears most responsive to this defi- 
ciency. The pattern of increased extrahepatic particu- 
late localization with liver depression is similar to that 
Observed after RE blockade, intravascular coagulation 
and sepsis.71-33-#6 

-= While opsonic deficiency appears central to the RE 
depression, the basis for the decline in opsonin levels 
has not been defined. Accelerated removal of purified 
1257 labelled opsonic glycoprotein from the blood fol- 
lowing surgery in the rat has been documented and a 
high affinity for sites of tissue injury is apparent.??:23 


injection and expressed on both a per gram (?761D/g) and total organ 
(%ID/TO) basis. Mean + SE are presented. Each group has six to 
eight rats. 

+ Significantly (p < 0.05) altered from control normal parameters. 


Purified opsonic protein binds to exposed collagen as 
well as fibrin microaggregates and adsorption of serum 
with such particulate will deplete its opsonic activity 
(Saba and Kaplan, unpublished data). In the present 
study, the sequestration of opsonin at areas of surgical 
incision and tissue injury as quantified previously by 
isotopic analysis?^??* coupled with its utilization in the 
RES removal of blood-borne denatured particulate 
matter following surgery? probably accounts for a sig- 
nificant fraction of the loss observed. However, since 
the deficiency as quantified by immunoassay (35%) was 
less than that detected by bioassay (48%), this could 
reflect some inhibition and/or inactivation of the bio- 
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logical activity of this protein by circulating substances 
released in the postinjury period. 

The ability to reverse the opsonin deficiency and 
circumvent the RES depression was clearly demon- 
strated in the present study. This protective response 
was not only reflected in elevated immunoreactive 
opsonic a, 5B glycoprotein levels at two hours but a 
clear normalization of RES function. At the tissue 
level, it was observed that Kupffer cell phagocytic 
activity which was the area of primary depression was 
restored to normal by therapy. A similar reversal of 
colloid induced KE blockade can be accomplished with 
prior serum particle opsonization with either the puri- 
fied protein! or serum* which emphasizes the potential 
similarities of the mechanism involved in the etiology 
of RES depression in these two experimental condi- 
tions. Thus, the intraverious administration of this 
alpha-2-glycoprotein or an opsonic rich fraction of 
plasma may be of specific therapeutic value with re- 
spect to supporting the RES during surgery or following 
blunt body or burn trauma. 

Recent studies from this laboratory?? in septic surgi- 
cal and trauma patients indirectly support this concept 
in that they demonstrate reversal of osponic a,SB gly- 
coprotein deficiency by intravenous administration of 
cryoprecipitate which is an opsonic rich fraction of 
human plasma. The opsonic a,SB glycoprotein has 
been isolated from rat and human serum and charac- 
terized as a glycoprotein with a molecular weight of 
about 440,000 daltons. It is thermolabile at 60°; is cryo- 
precipitable in heparinized plasma at 4^; lacks relation- 
ship to the complement system; and requires heparin 
for its particulate binding activity.®*!° Immunologic 
characterization with monospecific antiserum to other 
proteins reveals that the protein has no identity with 
the o4HS glycoprotein (Alpert and Saba, unpublished 
data) shown by Van Oss, et al.“ to be important in 
bacterial phagocytosis and depleted in trauma patients. 
In contrast, the a,SB glycoprotein has immunologic 
identity and a similar amino acid composition as cold- 
insoluble globulin® which is a concentrated component 
of plasma cryoprecipitate. These observations coupled 
with the present data demonstrating ability to reverse 
RES depression after surgery by intravenous opsonin 
administration suggests that such an approach may 
eventually be valuable as a selective means to referse 
RES clearance failure especially during states of op- 
sonic a,SB glycoprotein deficiency. 
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- Now available . . — 
the first amino acid injection 
indicated in acute renal failure 


From McGaw, of Course 


For prescribing information, see brief 
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Nepnramine (cssenual Amino ACia Injection ) 
helps meet the challenge of 
acute tubular necrosis 


Product Description 

Nephramine is a hypertonic, sterile, non- 
pyrogenic solution containing, in 250 ml, one 
and a half grams of nitrogen, Rose s recom- 
mended daily allowance of essential amino 
acids. A 250 ml container of Nephramine, 
when diluted with 500 ml of 7096 dextrose in 
water, provides: 


12.8 grams of essential amino acids 
1190 nonprotein calories 
750 ml volume 


minimal electrolytes (less than 
2 mEq of sodium) 


Clinical Applications 

Nephramine is indicated in the nutritional and 
therapeutic support of patients suffering 

from acute renal failure of various etiologies, 
especially when oral intake is impractical. It 
is given with hypertonic dextrose by centra 
venous infusion. Candidates for Nephramine 
therapy include a variety of patients: 


Those with acute tubular necrosis resulting 
from surgical or traumatic insult. In this cate- 
gory are hypovolemic conditions associated 
with severe hemorrhage, and trauma, 
including post-operative complications 


Pre- and post-operative dehydration. 
Nephrotoxicity from microorganisms or 
exogenous agents. 

Renal tubule insult without apparent disease 
or trauma. 


Traditional enteral or parenteral feeding may 
be inadvisable in such patients because of 
gastrointestinal dysfunction, risk of azotemia, 
or difficulty of controlling fluid volume. 


Potential Patient Benefits 

Thorough clinical evaluations have shown 
that Nephramine, when properly admini- 
stered to patients with reversible renal 
decompensation, will often: 

reverse or minimize hyperkalemia 
minimize elevation of serum concentrations 
of phosphorus and magnesium 

decrease rate of BUN elevation 

provide nutritional support for 

protein synthesis 

promote an early return to renal function 
decrease morbidity 


Compatible With Dialysis 

Nephramine does not replace dialysis. In 
most cases they may be administered con- 
comitantly. Consult complete prescribing 
information for details. 





Years of Investigation 

Nephramine is an agent which has resulted 
from over 15 years of research. Beginning 
with the work of Rose and his associates 
which established minimal quantities of eight 
amino acids required to maintain nitrogen 
equilibrium, Nephramine has been thor- 
oughly studied. Controlled clinical evaluations 
have been conducted by leading clinical 
investigators. A selected bibliography follows 
Giordano C: Use of exogenous and endog- 
enous urea for protein synthesis in normal 
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diet with high biological value for severe 
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surgery. Arch Surg 103:590, 1 
Leonard CD, Luke RG, Siegel RR: Parenteral 
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proved survival from acute renal failure with 
intravenous essential L-amino acids and glu- 
cose: Results of a prospective, double-blind 
study. N Engl J Med 288:695, 1973 


Precautions 

opecial precautions should be taken with 
pediatric patients and those with rena! insuf- 
ficiency. Special care is necessary when 
administering hypertonic dextrose in glucose- 
intolerant patients, especially when receiving 
peritoneal dialysis. Insulin may be required 

to prevent severe hyperglycemia in those 
patients. Blood glucose should, therefore 

be determined frequently 


Serum concentrations of potassium. phos 
phorus and magnesium should be monitored. 


Laboratory and clinical monitoring of pediatric 
patients, especially when nutritionally de- 
pleted, must be comprehensive and frequent 


For prescribing information, see brief 
summary on following pages. 





Nephramine’ (Essential Amino Acid Injection) 


Before prescribing, see complete prescribing in- 
formation in package insert or McGaw literature. 
The following is a brief summary. 


Se rrr PA 


Warning: Central venous nutrition therapy should be 


used only by those familiar with its administration and 
complications. 


Protect From Light Until Use 


Nephramine 
(Essential Amino Acid Injection) 


Description 

Contents per 100 ml: 

Essential Amino Acids .......... 5.1 g (12.8 9/250 ml) 
(L-Lysine Acetate added) 

Sodium SISuite eer vy e ew ees less than 0.05 g 

Water for Injection USP .... 000... qs 

pH adjusted with sodium hydroxide 


Concentration of Electrolytes (mEq/liter): Sodium... .6 
Approximate concentration of amino acids: 


g/100 mi g/250 mi 
L-isoleucine..... ...0.56  ................ 1.40 
-Leucine ........... DBB- I4 p 2.20 
L-Lysine ............ DOT — uode vy 1.60 
(L-Lysine Acetate) ...0.90 X ................ 2.25 
L-Methionine ........ D BB ^ ulbtistusstndis 2.20 
L-Phenylalanine ..... OH. — iei x Iss 2.20 
L-Threonine ......... EA aaen pa pesos 1.00 
L-Tryptophan........ DO. «wee bision TORRE 0.50 
L-Valine..... 20... 0, DOS. ovas OLX PERDE 1.62 
Total Nitrogen ....... DOM" AEE ip d es 1.46 


pH: Approx. 6.0 
Calculated Osmolarity: Approx. 420 mOsmiliter 


Do Not Use Unless Solution Is Clear and Vacuum 
Is Present 

Nephramine is a sterile, nonpyrogenic solution con- 
taining crystalline essential amino acids. Each 250 ml 
unit provides Rose's recommended daily intake of 
essential amino acids. 


Indications 

Nephramine is indicated, ir conjunction with other 
measures, for the management of potentially revers- 
ible renal decompensation, particularly when oral 
nutrition is unfeasible or impractical. 


Contraindications 
1. Severe uncorrec:ed electrolyte and acid/base 
imbalance. 


2. Hyperammonemia. 
3. Decreased (subcritical) circulating blood volume. 


Warnings 

1. Safe and effective use of central venous nutrition 
requires a knowledge of nutrition as well as clinical 
expertise in recognition and treatment of the com- 
plications which can occur. FREQUENT CLINICAL 
EVALUATION AND LABORATORY DETERMINA- 
TIONS ARE NECESSARY FOR PROPER MONI- 
TORING OF CENTRAL VENOUS NUTRITION. 
Studies should inzlude blood sugar, serum pro- 
teins, kidney and liver function tests, electrolytes, 
hemogram, carbon dioxide combining power, 
serum osmolality, blood cultures, blood ammonia 
levels, and circulating blood volume. 


2. Nephramine does not replace dialysis and conven- 
tional supportive therapy in patients with renal 
failure. 


3. Administration of Nephramine to children or low 
birth-weight infants, especially in high doses, may 
result in hyperammonemia. 


4. Clinically significant hypokalemia, hypophosphate- 
mia, or hypomagnesemia may occur as a result of 
therapy with Nephramine and hypertonic dextrose 
and replacement therapy may become necessary. 


5. Administration of nitrogen in any form to patients 
with marked hepatic insufficiency or hepatic coma 
may result in serum amino acid imbalances, hy- 
perammonemia, or central nervous system deter- 
ioration. Nephramine should, therefore, be used 
with caution in such patients. 


Precautions 

in order to promote urea nitrogen reutilization in 
patients with renal failure, it is essential to provide 
adequate calories with minimal amounts of the essen- 
tial amino acids, and to severely restrict the intake of 
nonessential nitrogen. Hypertonic dextrose solutions 
are a convenient and metabolically effective source of 
concentrated calories. 


Fluid balance must be carefully monitored in patients 
with renal failure and care should be taken to avoid 
circulatory overload, particularly in association with 
cardiac insufficiency. 


Strongly hypertonic nutrient solutions should be ad- 
ministered through an indwelling intravenous catheter 
with the tip located in the superior vena cava. 


Special care must be taken when giving hypertonic 
cextrose to glucose-intolerant patients such as dia- 
tetic or prediabetic and uremic patients, especially 
when the latter are receiving peritoneal dialysis. To 
prevent severe hyperglycemia in such patients, insulin 
may be required. 


Abrupt cessation of hypertonic dextrose infusion may 
result in rebound hypoglycemia. 


Special Precautions of Central Venous Nutrition 
Central venous nutrition may be associated with com- 
plications which can be prevented or minimized by 
careful attention to all aspects of the procedure in- 
cluding solution preparation, administration, and 
patient monitoring. It is essential that a carefully 
prepared protocol, based on current medical 
practices, be followed, preferably by an exper- 
ienced team. 


Although a detailed discussion of the complications 

of central venous nutrition is beyond the scope of this 
disclosure, the following summary lists those based on 
current literature: 


1. Technical. The placement of a central venous 
catheter should be regarded as a surgical proce- 
dure. One should be fully acquainted with various 
techniques of catheter insertion as well as recogni- 
tion and treatment of complications. For details of 
techniques and placement sites, consult the medi- 
cal literature. X-ray is the best means of verifying 
catheter placement. Complications known to occur 
from the placement of central venous catheters are 
pneumothorax, hemothorax, hydrothorax, artery 
puncture and transection, injury to the brachial 
plexus, malposition of the catheter, formation of 
arterio-venous fistula, phlebitis, thrombosis, and air 
and catheter embolus. 


2. Septic. The constant risk of sepsis is present dur- 
ing central venous nutrition. 3ince contaminated 
solutions and infusion catheters are potential 
sources of infection, it is imparative that the prep- 
aration of parenteral nutrition solutions and the 
placement and care of catheters be accomplishe: 
under controlled aseptic conditions. 


Parenteral nutrition solutions should ideally be pre 
pared in the hospital pharmacy under a laminar 
flow hood. The key factor in their preparation is 
careful aseptic technique to avoid inadvertent 
touch contamination during mixing of solutions an 
subsequent admixtures. 


Parenteral nutrition solutions should be used 
promptly after mixing. Any storage should be und 
refrigeration for as brief a time as possible. Ad- 
ministration time for a single bottle and set shouid 
never exceed 24 hours. 


Consult the medical literature for a discussion of 
the management of sepsis during central venous 
nutrition. In brief, typical management includes re 
placing the solution being administered with a fre: 
container and set and culturing the contents for 
bacterial or fungal contamination. if sepsis persist 
and another source of infection is not identified, th 
catheter is removed, the proximal tip cultured, anc 
a new catheter reinserted when the fever has sub- 
sided. Nonspecific, prophylactic antibiotic treat- 
ment is not recommended. Clinical experience in- 
dicates that the catheter is likely to be the prime 
source of infection as opposed to aseptically pre- 
pared and properly stored solutions. 


3. Metabolic. The following metabolic complica- 
tions have been reported: metabolic acidosis, 
hypophosphatemia, alkalosis. hyperglycemia anc 
glycosuria, osmotic diuresis and dehydration, re- 
bound hypoglycemia, elevated liver enzymes, 
hypo and hypervitaminosis, electrolyte imbalance 
and hyperammonemia in children. Frequent clinic 
evaluation and laboratory determinations are 
necessary, especially during the first few days of 
central venous nutrition, to prevent or minimize 
these complications. 


Administration of glucose at a rate exceeding the 
patient's utilization rate may lead to hyperglycemi: 
coma, and death. 


Special Precautions in Patients with Renal 
Insufficiency 

Frequent laboratory studies are necessary in patients 
with renal insufficiency due to underlying metabolic 
abnormalities. Hyperglycemia, a frequent complica- 
tion, may not be reflected by glycosuria in renal failur 
Blood glucose, therefore, must be determined fre- 
quently, often every six hours, to guide dosage of 
dextrose and insulin if required. 


Serum concentrations of potassium, phosphorus, ant 
magnesium may dramatically decline with successfu 
treatment, individually or together; these substances 
should be supplemented as required. Special care 
must be taken to avoid hypokalerria in digitalized 
patients, or those with cardiac arrhythmias. 


Special Precautions in Pediatric Patients 
Nephramine should be used with special! caution in 
pediatric patients, especially low birth-weight infants 
due to limited clinical experience. Laboratory and 
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“Hollister ostomy pouches 
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clinical monitoring of pediatric patients, especially 
when nutritionally depleted, must be extensive and 
frequent. Initial total daily dose should be low, and in- 
creased slowly. Dosage of Nephramine"" (Essential 
Amino Acid Injection) above one gram of essential 
amino acids per kilogram body weight per day is not 
recommended 
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Frequent monitoring of blood glucose is required in 
low birth-weight or septic infants as infusion of hyper- 
tonic dextrose carries a greater risk of hyperglycemia 
in such patients 


Nephramine contains no histidine, an amino acid con- 
sidered essential for growth in infants. Long-term 
parenteral support of growing infants without provision 
of histidine intake is therefore inadvisable 


The absence of arginine in Nephramine may accen 
tuate the risk of hyperammonemia in infants 


Adverse Effects 

Infrequent instances of hyperammonemia have been 
reported following administration of essential amino 
acid solutions to patients with massive gastrointestinal 
hemorrhage, and non-uremic infants and children 
Two pediatric patients with normal renal function re- 
ceived high doses of Nephramine and developed 
symptomatic hyperammonemia. In each case, serum 
ammonia levels decreased and clinical symptoms 
subsided when the infusions were discontinued 





Caution: Federal (U.S.A.) law prohibits dispensing 
without prescription. 
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extra touch of tenderness 


For simpler, more comfortable care for 
your ostomy patients, Hollister offers 
stoma pouches with non-occlusive 
adhesive — the same type of microporous 
adhesive you use for taping sensitive 
skin. It lets skin “breathe” through the 
adhesive, helping prevent irritating heat 
and moisture buildup. A built-in ski 
barrier — the Karaya Seal Ring — protects 
against irritation from stomal discharge. 


Karaya Seal Stoma Pouches with | 
microporous adhesive mean fewer skin 
problems — and that means less demand 
on nursing resources. Drainable and 
closed pouches available: Write today for 
more information. 


. HOLLISTER INCORPORATED if. 
MeGaw Laboratories 211 E. CHICAGD AVE.. CHICAGO. iL. 60631 | Vi 
Division of American Hospita! Supply Corporation | i 4 
Irvine. CA 92714 
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Edited by 
JAMES D. HARDY, mo. 
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Now Available in Either One or Two Volume Form! 


New Features: 
m Content 

m Approach 

m Editor 

m Format 

m Contributors 


Although technically a Fifth Edition of 
Surgery: Principles and Practice, this revision is 
new in title, editor, contributing authors, 
content, approach, and format. |t has been 
reorganized into three major parts: General 
Principles of Surgical Practice; Specific Lesions 
and Dysfunctions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume. Each is well known in his field 


and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures; possible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 


5th Edition, 1977 / One Volume Format: $38.50 
Two Volume Format: $45.00 
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it’s the reason why Cefadyl was the 
fastest growing cephalosporin in 1977. 
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= greater 

hospital savings 
This simple equation helps explain why in 
1977 Cefadyl grew in sales more than any 
other cephalosporin. 
Find out for yourself! Simply fill out and return 
the attached Business Reply Card for more 
detailed information on the comparative 
benefits of Cefadyl in the hospital scene. 


Cefadyl;, 


sterile cephapirin sodium 


Please see reverse side for brief summary of prescribing information. 





Please send me detailed information on the efficacy 
and economy of 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 
CEFADYL® (sterile cephapirin sodium) 
(7) Cefadyl 3/6/78 


For complete prescribing information, please consult the Official 
Package Circular. 

Contraindications: Cefadyl (sterile cephapirin sodium) is contrain- dy 
dicated in persons who have shown hypersensitivity to cephalospo- 
rin antibiotics. 

Warnings: IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPO- 
RINS SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALOSPO- 
RINS, AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particu- 
larly to drugs, should receive antibiotics cautiously and then only 
when absolutely necessary. No exceptions should be made with re- 
gard to Cefadyl. 

If an allergic or anaphylactic reaction should occur, discontinue 
Cefadyl and institute appropriate treatment. 

Basse ns im a Usage in Pregnancy —Safety of this product for use during preg- 

Lm er E UU - nancy has not been established. 

E: | Precautions: The renal status of the patients should be determined 
prior to and during Cefadyl therapy, since in patients with impairec 
renal function, a reduced dose may be appropriate. 

Prolonged use of Cefadyl may result in the overgrowth of nonsus- 
ceptible organisms. If superinfection occurs during therapy, appro- 
priate measures should be taken. 

With high urine concentrations of cephapirin, false-positive glu- 
cose reactions may occur if Clinitest, Benedict's Solution or Fehling's 
Solution are used. Therefore, it is recommended that glucose tests 
based on enzymatic glucose oxidase reactions (such as Clinistix or 
Tes-Tàpe) be used. 

Adverse Reactions: Hypersensitivity —Cephalosporins were re- 
ported to produce the following reactions: maculopapular rash, ur- 
ticaria, reactions resembling serum sickness, and anaphylaxis. 
Eosinophilia and drug fever have been observed to be associated 
with other allergic reactions. These reactions are most likely to occur 
in patients with a history of allergy, particularly to penicillin. 

Blood — During large-scale clinical trials, rare instances of neutro- 
penia, leukopenia, anemia were reported. Some individuals, particu- 








(R larly those with azotemia, have developed positive direct Coombs’ 
test during therapy with other cephalosporins. 
IV, Liver —Elevations in SGPT or SGOT, alkaline phosphatase, and 
bilirubin have been reported. 
IM Kidney —Rises in BUN have been observed, their frequency in- + 


creases in patients over 50 years old. 
ster] C How Supplied: Cefady! (sterile cephapirin sodium) for I.M. or I. V. 
Injection. Cephapirin sodium equivalent to 1 Gm., 2 Gm., 4 Gm., or 


1 () I m 20 Gm. cephapirin. 
Cep pir Il S u For information on package sizes available, refer to the current 


price schedule. 
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Improved Limb Salvage After Arterial Embolectomy 


BHAGWAN SATIANI, M.B., B.S., WILLIAM S. GROSS, M.D.,* WILLIAM E. EVANS, M.D. 


Between January 1965 and August 1977, 122 patients with 
135 arterial emboli were treated on the Peripheral Vascular 
Service at the Ohio State University Hospital. The heart was 
the source of the embolus in 94 patients (77%), one-third of 
whom had experienced a myocardial infarct. Thirteen patients 
died after the operation, which in 102 patients (84%) consisted 
of embolectomy only, making the hospital mortality 10.6%. 
Fourteen patients (11.5%) required subsequent amputations 
during the same hospitalization or on a later admission. The 
corrected limb salvage rate of 80.9% was unrelated to the 
length of delay in presentation. Although only 70 patients 
(57.4%) had palpable distal pulses following operation, 89 
(73%) had a functional limb at the time of discharge or on 
later follow-up. An aggressive approach to the patient with 
an arterial embolus, regardless of the duration of symptoms, 
is urged. Embolectomy under local anesthesia is advocated 
in all cases after prompt correction of fluid and electrolyte 
imbalance and stabilization of the underlying cardiac disorder, 
except in patients with frank gangrene and irreversible rigor. 
In the absence of distal pulses or obvious revascularization, 
an intraoperative arteriogram is mandatory. 


WING TO THE INCREASING longevity of our popula- 
tion, peripheral arterial embolism occurs with 
increasing frequency and requires surgical intervention. 
Embolectomy remains the preferred treatment for most 
symptomatic arterial emboli. Labey!? performed the 
first successful embolectomy in 1911 in a patient with 
embolic occlusion of the femoral artery. After disap- 
pointing results from the use of corkscrew wires,!? 
retrograde flushing,'' and suction catheters,* a substan- 
tial reduction in mortality and morbidity followed the 
introduction of the balloon catheter by Fogarty and 
associates in 1963.° Despite stabilization of the mor- 
tality rate, owing to increasingly sophisticated manage- 
ment of the underlying cardiac problem, the reported 
amputation rate still varies from 12% to 2296,7-19:13.14.17 
and further improvement in limb salvage is desirable. 
Experience in treating 122 patients with arterial 
emboli is reviewed, and mortality and amputation rates 
after embolectomy analyzed. The functional status 
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of the extremity following embolectomy and the need 
for the preoperative administration of heparin to in- 
crease limb salvage are discussed. 


Patient Material 


This review comprises 122 consecutive patients with 
135 arterial emboli who were cared for by the Peripheral 
Vascular Service at The Ohio State University Hospi- 
tals between January 1, 1965 and August 30, 1977. 
Arterial emboli related to cardiac catheterization or 
arterial reconstruction were excluded. Patient symp- 
toms, signs, pre- and postoperative anticoagulation 
status were all recorded, and delay in treatment (em- 
bolectomy) was correlated with limb salvage. The func- 
tional status of the extremity and the need for further 
arterial reconstruction were assessed at discharge and 
on follow-up. 

Patients' ages ranged from 27 to 96 years, and the 
majority (60%) were over 60 years of age. There were 
64 women and 58 men. 


Source and Location 


The heart was the source of the embolus in 94 pa- 
tients (77%) (Table 1). The majority of these patients 
had associated atrial fibrillation, usually with pre-exist- 
ing arteriosclerotic heart disease. Rheumatic heart 
disease with atrial fibrillation was the etiology of the 
emboli in 17 patients. Thirty-one patients sustained 
an arterial embolus following documented myocardial 
infarction, over two-thirds occurring within three weeks 
of the infarct (Fig. 1). No source for an embolus could 
be identified in 25 patients (20.5%), despite an active 
search for underlying cardiac disease. A history of a 
previous arterial embolus was elicited in 23 patients, 
in 19 of whom the episode was remote (more than 21 
days). 
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TABLE 1. Source of Arterial Emboli 
Type -* % 


I Cardiac 94 77 
A. Myocardial infarction (31) 
recent < 3 wks 21 
remote > 3 wks 10 
B. Atrial fibrillation (53) 
with arteriosclerosis 36 
without 
arteriosclerosis 17 
C. Cardiomyopathy (6) 
D. Others (4) 
II Proximal aneurysm 3 
III Unknown etiology 25 


tr 
on 
Un CA 


Sites of arterial occlusion by emboli are listed in 
Table 2. The most frequent location was in the femoro- 
popliteal region (48%). The proportion of patients with 
emboli lodged in the femoropopliteal region remained 
the same during the last four years of the study, which 
is in contrast to a decline in the percentage of patients 
with emboli in the aortoiliac area (p — 0.01). 


Symptoms 


Sudden onset of pain was universal (100%) in pa- 
tients with peripheral arterial emboli (excluding visceral 
and cerebral emboli). Numbness (8446) and paralysis 
of the extremity (27%) were less common (Table 3). 
Coolness, pallor, and pulse loss were present on physi- 
cal examination in most instances, whereas cyanosis 
was usually evident in patients who presented more 
than 24 hours after the onset of pain. 





Fic. 1. Transfemoral aortogram with operative specimen, showing 
simultaneous right common femoral and left external iliac artery 
embolization in a patient following aute myocardial infarction. 
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TABLE 2. Location of Arterial Embolus 


Source 1965-73 1973-77 Total % 
Aortoiliac 36 7 43 35 
Femoropopliteal 33 26 59 48 
Axillary-subclavian 3 l 4 3 
Distal arm 7 6 13 11 
Carotid l 0 1 | 
Renal l 0 l I 
G.I. tract E 0 l l 

82 40 122 100 


Preoperative and Postoperative Management 


Preoperative angiography was obtained in only one- 
third of the patients, since in most cases, the presenta- 
tion was clear-cut (Table 4). Local anesthesia was used 
in 92 patients (75%), while a general or spinal anesthetic 
was required in 29 patients (25%). Intravenous heparin 
was administered to 40 patients (33%) preoperatively 
(Table 5). The technique of embolectomy consisted 
of exposure of the common femoral artery at the groin 
or the brachial in the mid-upper arm via longitudinal 
incisions. A small transverse arteriotomy was made 
after proximal and distal control of the artery had been 
obtained. Repeated passes with a Fogarty catheter 
were made (sizes #2, #3, in the arm and #3, #4 in the 
lower extremity) distally until at least two successive 
attempts at clot retrieval were negative. Following 
this, heparinized saline was injected into the distal 
vessel, which was then clamped. The proximal artery 
was then dealt with in a similar manner, and the arteri- 
otomy was then closed with running, fine monofila- 
ment sutures. 

Following operation, arteriography was performed 
in 23 patients (19%), usually on the operating table. 
The extent of the operative procedure varied from 
simple embolectomy (84%) to a simultaneous laparot- 
omy in 5 patients (Table 6). Concomitant fasciotomy 
(without fibulectomy) was performed in only 12 in- 
stances (9.8%), predictably in patients who presented 
48 hours or more after the onset of symptoms and dem- 
onstrated the presence of a compartment syndrome. 

Postoperative anticoagulation therapy with intra- 


TABLE 3. Signs and Symptoms (119 Patients) 


Number % 
Pain 119 100 
Cool extremity 119 100 
pulse loss 118 99 
Pallor 103 
Cyanosis 7 22 
Numbness 100 84 
Paralysis 32 27 
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TABLE 4. Pre- and Postoperative Arteriography 








Pre- Post- 
operative operative 
# % # % 
Radiology suite 42 35 2 19 
Operating room l l 21 
No arteriogram 79 65 99 81 





venous heparin was given to 92 patients (75%) for 5-7 
days, after which oral coumadin was given, depending 
on the source of the embolus and the clinical situation. 


Results 


Thirteen patients died during or after the embolec- 
tomy, yielding a hospital mortality of 10.6%. Over 
half the total number of deaths resulted from myocar- 
dial infarction or drug-resistant arrhythmias. Thirty-six 
complications occurred postoperatively (Table 7). 
Nearly one-half of these were wound complications, 
most frequently groin or arm hematomas. Five patients 
were reoperated on for persistent limb ischemia, and 
one required patch-grafting of the arteriotomy site. 
No complications associated with the use of the Fogarty 
catheter, i.e., perforation or intimal disruption of the 
artery, were described in the operative notes. 

Amputations were necessary in 14 patients (11.5%) 
during the same hospitalization or on a subsequent 
admission. Eleven of these were above-knee amputa- 
tions. Of the 43 patients who were operated on within 
12 hours of the onset of symptoms, 4 (10%) had ampu- 
tation. Seven of 76 patients (11%) who were operated 
on more than 12 hours after onset had amputations 
(p > 0.05) (Table 8). Overall, limb salvage was 89.5% 
in the immediate survivors, excluding the single non- 
operative case. However, if a total of 9 patients who 
died before functional evaluation was completed, those 
in whom the limb status was unclear, and patients with 
visceral and carotid emboli are excluded, a corrected 
limb salvage rate of 80.9% (99 patients) was obtained. 
More important, 89 patients (73%) had a functional 
extremity at the time of discharge or later follow-up, 
although pulses were palpable postoperatively in only 


TABLE 5. Pre- and Postoperative Anticoagulation 





Pre- Post- 
operative operative 
# % # % 
ee ee ee eee 
No heparin 82 67 29 24 
Heparin/coumadin 40 33 92 75 
Died/intraoperatively — — 1 l 
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TABLE 6. Surgical Procedure Required 








Procedure Patients % 
Embolectomy 102 84 
Embolectomy & 

Fasciotomy 12 9.8 
Embolectomy & 

Laparotomy 5 4 
Reconstruction 2 2 
No Surgery l — 





70 patients (57.4%, Table 9). Three patients later under- 
went elective revascularization of the extremity, three 
had open heart surgery, two had revisions of their am- 
putations, and a single patient required intestinal revas- 
cularization on late follow-up. 


Discussion 


The heart is the most common source of peripheral 
arterial emboli, with the reported prevalence varying 
from 75 to 87%.%1%17 Arteriosclerotic heart disease has 
replaced rheumatic heart disease as the common de- 
nominator, owing to the increasing longevity of the 
general population.*''^ Chronic atrial fibrillation with 
and without atherosclerotic coronary artery occlusive 
disease was present in nearly half of our patients and 
has traditionally been the hallmark of arterial embolism. 
However, a significant number of patients did not 
demonstrate fibrillation but had evidence of recent or 
remote myocardial infarction. Peripheral embolism has 
been said to occur in only about 1% of patients with 
acute myocardial infarction,'? but the relatively com- 


TABLE 7. Mortality and Morbidity in Patients with Arterial Emboli 








Pts. Per cent 
Mortality 13 10.6 
Morbidity 36 
Cardiac- 7 
myocardial infarct (3) 
arrhytmias (2) 
cardiac failure (2) 
Renal-4 
renal failure (3) 
urinary infection (1) 
Pulmonary -4 
pulmonary embolus (2) 
pulmonary edema (1) 
pneumonia (1) 
Wound-15 
hematoma (5) 
infection (4) 
dehiscence (3) 
bleeding (1) 
lymphocele (1) 
leg edema (1) 
Reoperations—5 4 


Cerebrovascular accident- 1 
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TABLE 8. Time Interval to Surgery vs. Limb Salvage 


(119 Patients)* 
Limb 
Salvage 
Time Interval (Hrs) Patients % # % 
0-6 28 
7-12 15 43 36 39 90 
13-24 30 
25—48 22 | 76 64 69 89 
48 24 


* Excluded are three patients (nonoperated patient, carotid and 
renal embolus). 


mon occurrence of the latter lends considerable nu- 
merical significance to the problem of arterial embolism. 
In addition, mortality appears to be higher in these 
patients. In a recently reported series of 31 patients!? 
who had arterial emboli following a myocardial infarct, 


the mortality was 19%, exceeding the overall mortality . 


of emboli from all causes. 


Preoperative Management 


Preoperative angiography was. performed in 35% 
of our patients for the following reasons: a questionable 
diagnosis, to determine the extent of occlusion and 
the presence of associated distal occlusive disease. In 
most cases the diagnosis is secure on clinical grounds 
alone, however angiograms are often necessary for 
confirmation. Routine administration of intravenous 
heparin has usually been recommended as soon as the 
diagnosis is made, to prevent further propagation of 
clot, especially when embolectomy is delayed.?!" Al- 
though this is a reasonable assumption, no prospective 
study demonstrating the efficacy of preoperative hep- 
arin administration is available, and Freund et al.* 


TABLE 9. Results of Embolectomy 


Limb Status Patients Jo 
Limb salvage, functional, 

pulse present 70 57.4 
Limb salvage, functional, 

pulse absent 19 15.5 
Limb salvage, poor function, 

pulse absent 10 8 
Amputation required 14 . 11.5 

above knee 11 

below knee 2 

fore-arm I 
Miscellaneous (died before 

functional evaluation, func- 

tional status unclear, carotid 

visceral emboli etc.) 9 8 


80.9% 
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TABLE 10. Recent Literature Review of Results 
After Arterial Embolectomy 


Authors Year Pts. Amputation Mortality : 
Fogarty 1967 9] 4% 15% 
Cranley 1970 246 5 24 
Levy 1970 125 14 26 
Thompson 1970 . 163 17 14 
Greep 1973 110 12 19 
MacGowan 1973 174 13 27 
Freund 1974 85 20 41 
Green 1975 149 14.5 24 
Hight : 1976 124 22 30 
Authors 1977 122 11.5 10.6 


noted no difference in the limb salvage rate in patients 
receiving preoperative heparin and those undergoing 
embolectomy without it. With only 33% of our patients 
receiving heparin preoperatively, the amputation rate 
in our series compares favorably with that in others.?? 

Some delay in embolectomy is unavoidable for treat- 
ment of associated atrial fibrillation or congestive heart 
failure and for correction of accompanying electrolyte 
imbalance. The operative technique of embolectomy 
is well standardized, and the end-point is return of 
pulses or marked improvement in color and tempera- 
ture of the extremity. A quantitative estimate of the 
back-bleeding from the arteriotomy site is unreliable 
as proof of distal patency. Very frequently, small 
amounts of soft discontinuous clot can be extracted 
by repeated passage of the Fogarty catheter after what 
appears to be excellent back-flow. Intraoperative and 
postoperative arteriograms were obtained in 19% of 
our patients, usually when restoration of distal puises 
or return of color and more normal temperature to 
the extremity was in question. Unsuspected technical 
errors and additional thromboemboli have been de- 
tected by routine intraoperative angiograms in up to 
23% of patients.'$ Postoperatively, a diligent search 
for the source of the arterial embolus is made, and a 
correctable lesion is surgically treated, i.e. heart valve 
replacement, resection of proximal aneurysm. 

Anticoagulation after embolectomy remains contro- 
versial. Green et al.? reported an in-hospital embolic 
recurrence rate of 7.5% for heparinized patients versus 
31.2% for nonheparinized patients. However, Barber 
et al.! and Thompson et al.!? have documented frequent 
embolization in patients with myocardial infarction 
already being treated with heparin. Postoperative 
anticoagulation therapy was used in 75% of our pa- 
tients, mainly those with chronic atrial fibrillation and 
in those instances where the source of the embolus 
was in question. Again, no difference in limb salvage 
has been noted in patients receiving postoperative anti- 
coagulants and those who did not.’ 
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Mortality and Limb Salvage 


The reported mortality rate after arterial embolec- 
tomy has varied from 14 to 4106.59719.13.14.!7 Predict- 
ably, the majority of deaths in the preoperative period 
are due to cardiac causes. Considering the generalized 
arteriosclerosis almost always present in these patients 
along with serious cardiac problems, the high death 
rate is not surprising. Delay in presentation has been 
regarded as an important factor contributing to a high 
mortality rate. However, with 64% of patients in this 
series presenting more than 12 hours after the onset 
of symptoms and about 40% after 24 hours, the mor- 
tality rate of 10.696 was relatively low. An important 
factor in the improvement in survival rate was an agres- 
sive approach consisting of rapid correction of fluid 
and electrolyte disturbances and prompt treatment of 
cardiac arrhythmias, followed by embolectomy under 
local anesthesia. Almost all peripheral arterial emboli 
can be extracted under local anesthesia, except in un- 
usual circumstances when general anesthetics are 
required in patients with visceral emboli and in good- 
risk patients who will need additional reconstructive 
procedures. 

Although the amputation rate has declined since the 
introduction of the Fogarty catheter, the reported am- 
putation rate still varies from 12 to 22% (Table 10).7~!°- 
13.14.17 Early operation after the onset of symptoms has 
generally been equated with increased limb salvage.?'!? 
In our opinion, the time lapse between embolization 
and extraction of the emboli should not be a criterion 
of operability, and this is supported by our overall limb 
salvage rate of 89.5%. Limb salvage was essentially 
the same whether patients underwent embolectomy 
later than or within 12 hours of the onset of symptoms. 
The likely explanation is that a limb which remains 
viable for three to four days after embolization has 
excellent collateral formation and little or no thrombo- 
sis distal to the embolus. Hence, in the absence of 
frank gangrene or well-established rigor, embolectomy 
should be performed, regardless of the duration of 
symptoms. 

Fasciotomy after arterial embolectomy, concomi- 
tantly or in the postoperative period, was performed 
in about 10% of patients in this series. Hypoesthesia 
in the first interdigital cleft is often an early sign of an 
anterior compartment syndrome and is reportedly pres- 
ent in 72% of patients.? In patients with severe and 
prolonged ischemia preoperatively, the hyperemic 
response to revascularization may result in tremendous 
swelling, and early fasciotomy for the compartment 
syndrome in this instance may prevent considerable 
future disability. 
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Limb Function 


The ultimate goal of embolectomy is to ensure a 
useful and functional extremity. The presence of distal 
pulses after extraction of the embolus is certainly desir- 
able, but their absence does not in any way signify a 
poor result from a functional standpoint. Although 
only 57% of our patients had distal pulses following 
embolectomy, 73% had a functional extremity. This 
may be a reflection of the absence of preexisting arterial 
occlusive disease. A small number of patients may, 
however, require further revascularization for relief 
of claudication. 
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Human Umbilical Veins and Autogenous Veins as Canine 


Arterial Bypass Grafts 


ROBERT W. OBLATH, M.D., FREDERICK O. BUCKLEY, JR., M.D., WILLIAM A. DONNELLY, M.D., 


RICHARD M. GREEN, M.D., JAMES A. DEWEESE, M.D. 


Glutaraldehyde treated human umbilical veins (Dardik Bio- 
graft) were used to bypass short segments of the femoral artery 
in 15 dogs and were compared to autogenous jugular veins 
placed in the contralateral femoral artery of each animal. All 
15 autogenous jugular veins remained patent for the four 
month period of observation whereas thrombosis occurred in 
seven of 15 umbilical vein grafts. This patency rate of 53% 


was significantly lower than that observed for autogenous . 


jugular veins (p < 0.01). Neointimal Fibrous Hyperplasia 
(NFH) at the proximal anastomosis was responsible for six of 
the seven umbilical vein graft occlusions. Of the eight patent 
umbilical veins, five had varying degrees of proximal anas- 
tomotic stenosis secondary to NFH. Histological examination 
of each graft revealed significant fibroblastic proliferation 
and collagen deposition within the lumen of stenosed and 
thrombosed grafts. Although human umbilical veins have 
distinct advantages over other prosthetics, such as availability 
and flexibility, the incidence of experimental neointimal fibrous 
hyperplasia causing anastomotic stenosis and thrombosis is 
prohibitively high. 


UTOGENOUS SAPHENOUS VEINS are preferred for 
A arterial replacement below the inguinal ligament, 
especially when the distal anastomosis is below the 
knee. Autogenous veins are often unavailable and less 
desirable prosthetics such as Dacron must be consi- 
dered. Despite intense effort, the ideal arterial substi- 
' tute has not been developed. Problems such as increas- 
ing failure rates with decreasing vessel caliber, high 
failure rates with infection, degradation of graft ma- 
terial, and development of neointimal fibrous hyper- 
plasia persist.!!* Sauvage has presented data which 
indicates that the best assurance of long-term graft 
patency with currently available prosthetic materials is 
the attainment of complete healing of the prosthetic 
wall, i.e. an endothelialized flow surface.’ Clotting 
characteristics become relatively normal when an 
endothelialized flow surface appears.*® 

Dardik has developed the human umbilical vein as an 
arterial substitute.?*? Clinical experience reported by 
Dardik et al.? reveals a 9396 patency rate in femoral 
popliteal grafts and an 81% patency rate in femoral 
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tibial peroneal grafts in 55 bypasses in 49 patients fol- 
lowed for ten months. Limb salvage was reported in 
88% of the latter group.® 

The canine femoral artery bypass model is utilized 
in evaluating new vascular prostheses.!'^4 Laboratory 
results have demonstrated a close parallel to subse- 
quent clinical performance. Comparative studies have 
shown better patency rates with autogenous vein by- 
passes than with synthetic substitutes.?:1::1934 In this 
study, glutaraldehyde treated human umbilical veins 
were evaluated and compared to autogenous jugular 
veins placed in the femoral artery position. 


Materials and Methods 


Under sterile precautions with phenobarbital sodium 
anesthesia 30 femoral artery bypass grafts 4—6 cm long 
were performed in 15 mongrel dogs weighing 15—19 kg 
each. Glutaraldehyde treated human umbilical veins 
(Dardik Biograft*) were used in all 15 animals (4 and 
5 mm). Autogenous jugular veins with an outside diam- 
eter of 6-10 mm were used in each animal to bypass 
the contralateral femoral artery. The operations were 
performed in rotation by three surgeons (RWO, FOB, 
WAD) with limited previous experience with arterial 
anastomoses. Each surgeon alternated between umbili- 
cal and jugular veins. 

Each animal was given 1.2 million units of Benza- 
thine Penicillin G (Wyeth) i.m. preoperatively. A longi- 
tudinal incision was made to expose the femoral artery 
from the inguinal ligament to beyond the first bifurca- 
tion. The outside diameter of the femoral arteries was 
3-7 mm proximally and 2-5 mm distally. Heparin 
sodium, 1500 units, was administered intravenously 
before occlusion. Longitudinal arteriotomies one and 


* Serial Number AE 075-073076-01. 
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one-half times the graft diameter were made. End-to- 
side anastomoses were constructed using a running 
stitch of 6-0 Prolene suture. The bypassed segment 
of femoral artery was ligated adjacent to the anasto- 
moses. Protamine sulfate, 15 mg, was given intrave- 
nously on release of the clamps. The wounds were 
irrigated with Keflin (Lilly) and were closed in layers. 

Pulses were evaluated at weekly intervals for four 
months. Grafts were retrieved en bloc with the host 
artery when a pulse was lost or the four month observa- 
tion period expired. Removed grafts were sectioned 
longitudinally, photographed, and appropriate histo- 
logical examination was made. 


Results 
Material Characteristics 


The umbilical veins were thicker and less pliable 
than the autogenous veins requiring meticulous suture 
technique. Failure to incorporate all layers of the graft 
by the suture resulted in one subintimal hematoma 
and graft occlusion. Fraying ofthe ends ofthe umbilical 
veins required deep suture bites at these areas. No 
wound or graft infections or anastomotic aneurysms 
were found. 


Patency 


All 15 autogenous jugular veins remained patent 
for the entire four month observation period (patency 
rate of 10076). Neointimal fibrous hyperplasia was not 
grossly visible in any graft. 

Thrombosis at the proximal anastomosis resulted in 
one umbilical vein occlusion at six days. Six umbilical 
veins occluded during the four month observation 
period secondary to grossly visible neointimal fibrous 
hyperplasia at the proximal anastomosis. They oc- 
cluded at 24, 37, 47, 120, and 121 days (Table 1). The 
patency rate for umbilical veins was 53% for the obser- 
vation period. This was significantly lower than that 
observed for autogenous jugular veins (p < 0.01). Of 
the eight patent umbilical veins, only three were free 
of grossly visible neointimal fibrous hyperplasia. The 
remaining five grafts had varying degrees of luminal 
stenosis at the proximal anastomosis by NFH (Table 1). 


Pathology 


Each graft was sectioned longitudinally through the 
anastomoses and examined grossly and histologically. 
Graft failures were noted to have a large amount of 
grey-white fibrotic tissue overlying the proximal anas- 
tomosis. A thrombus extended distally from this fibrotic 
tissue. Microscopic examination revealed the artery 
and vein walls to be intact. At the suture line there 
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TABLE 1. Patency of Proximal Anastomosis —Umbilical Veins 





Dog # Umbilical Vein Jugular Vein Follow-up 
Thrombosed— marked NFH Patent—no NFH 24 days 
Thrombosed— marked NFH Patent—no NFH 37 days 
Thrombosed— marked NFH Patent—no NFH 47 days 
Patent—no NFH Patent—no NFH 120 days 
Patent — no NFH Patent —no NFH 120 days 
Stenosed — moderate NFH . Patent —no NFH 120 days 
Thrombosed — marked NFH Patent—no NFH 120 days 
Thrombosed — marked NFH Patent—no NFH 120 days 
Thrombosed — marked NFH Patent—no NFH 119 days 
10 Thrombosis —no NFH Patent —no NFH 6 days 
11 Stenosed— moderate NFH . Patent —no NFH 120 days 
12 Patent —no NFH Patent —no NFH 120 days 
13  Stenosed— moderate NFH . Patent —no NFH 120 days 
14  Stenosed — moderate NFH . Patent —no NFH 120 days 


15  Stenosed— moderate NFH . Patent —no NFH 120 days 
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was significant fibroblastic proliferation with fibroblas- 
tic invasion of the vein and arterial walls. Large amounts 
of collagen were seen within the lumen (Fig. 1). No 
reactive cells were seen. Partially occluded grafts had 
an identical histologic appearance (Fig. 2). A section 
of jugular vein revealed no fibroblastic proliferation. 
Both artery and vein walls were smooth without evi- 
dence of fibroblastic invasion or proliferation. 
Discussion 

The present study was carried out in the same man- 
ner as previous evaluations of arterial prostheses in 
our laboratory.':!'^^ The surgeons alternated materials 
in a randomized fashion so that differences in results 
could not be attributed to the technical abilities of 
the operator. Our results were similar to those reported 
earlier for evaluation of other prostheses, namely, the 
patency rate of autogenous vein is superior. 

Human umbilical veins (Dardik Biograft), when 
tested against autogenous jugular veins in the canine 
femoral artery bypass model, have a patency rate simi- 
lar to patency rates of plastic prostheses and bovine 
heterografts. Phillips et al. reported a 45-65% patency 
rate for crimped Teflon? and Dacron® grafts as com- 
pared to 100% patency for vein grafts.'! Shirkey et al. 
reported a 36% patency rate with Dacron grafts.'* Wey- 
man et al. reported a 50% patency rate for dialdehyde 
treated bovine heterografts.'* We have demonstrated 
a 53% patency rate for glutaraldehyde treated human 
umbilical veins compared to 100% patency for autog- 
enous vein grafts. 

Mindich et al., in describing umbilical veins, have 
reported that in contrast to study with bovine hetero- 
grafts, vascular invasion and pseudointima formation 
have not occurred.'° Rather, he notes that fibrous pro- 
liferation at the anastomotic site resulted in modest 
pannus formation which did not encroach upon the 
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lumen.'? He concludes that since the graft is not in- 
vaded by fibrous tissue and maintains its flexibility, 
angulation causing luminal obstruction and thrombosis 
was considered unlikely.'® 

We have demonstrated, however, a statistically 
significant decrease in patency approaching that of 
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bovine heterografts. Further, the cause for the decrease 
in patency is extensive neointimal fibrous hyperplasia 
at the proximal anastomosis. It should also be noted 
that of the grafts remaining patent (8), five of them had 
grossly visible luminal stenosis. This was confirmed 
microscopically as neointimal fibrous hyperplasia. 
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The human umbilical vein is currently being used 
in the clinical setting for small vessel revasculariza- 
tion in the lower leg and as access for hemodialysis. a 
Dardik et al. reports an 86% patency rate at three months 
and a 67% patency rate at one year for tibial and peroneal 
arterv reconstruction.? 

Although human umbilical veins have distinct advan- 
tages over other prosthetics,9?9 the incidence of experi- 
mental neointimal fibrous hyperplasia causing anasto- 
motic stenosis and occlusion is prohibitively high. Fur- 
ther laboratory evaluation of this specific problem is 
indicated. 
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Results of 100 Consecutive Femoropopliteal Vein Grafts — - 


for Limb Salvage 


ALI NAJI, M.D., JENNIFER CHU, M.D., PETER R. MCCOMBS, M.D., CLYDE F. BARKER, M.D., 


HENRY D. BERKOWITZ, M.D., BROOKE ROBERTS, M.D. 


One hundred consecutive patients with femoropopliteal 
autogenous vein grafts for limb salvage were reviewed five 
years later. In this group 40% died and 30% of the limbs 
had been lost at the end of five years. Limb survival correlated 
best witli adequacy of distal run-off, but not with the presence 
or absence of diabetes. Forty-seven per cent of the grafts were 
still patent among surviving patients, and when combined with 
the limbs that were viable despite failure of the original graft, 
70% of the limbs were salvaged among the survivors at five 
years. Temporary graft patency was effective in preserving 
ischemic tissue by facilitating healing of ulcers or limited ampu- 
tations. Femoral-popliteal bypass grafting in tlie presence of 
advanced ischemia is capable of improving the quality of life 
for many of these patients. 

XX 7E HAVE RECENTLY COMPLETED a review of our 
W results of autogenous femoropopliteal grafts, 
beginning iri 1963 and followed for a minimum of five 
years postoperatively. Those patients operated upon 
for relief of claudication alone are being reported sepa- 
rately.'4 This series, similarly based on 100 consecutive 
operations, includes only patients thought to be im- 
minently threatened with loss of limb because of severe 
ischemia, manifested by rest pain in the foot, frank 
gangrene of one or more toes, or ischemic ulcers which 
failed to heal under conservative management. 


Clinical Material 


The 100 operations were carried out on 92 patients, 
eight of whom had bilateral operations. None of these 
bilateral procedures were performed simultaneously. 
This series represents the work of both resident and 
staff surgeons on private and service patients at the 
Hospital of the University of Pennsylvania. During 
the period of both studies, 7096 of all femoropopliteal 
grafts were carried out to salvage threatened limbs 
and 3096 were done to relieve intermittent claudication. 


Age and Sex 


Over 90% of the patients were in the sixth, seventh 
and eighth decades of life (Table 1), the mean age being 
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63. These patients were generally older than those on 
whom we operated for claudication. The ratio of men 
to women in this series (7:3) did not demonstrate as 
high a predominance of males as was seen among the 
claudicators (6:1). Fifteen of the patients were black 
and 77 were white. — 


Associated Disease 


The incidence of associated disease was greater in 
this group (Table 2) than among the claudicators. Given 
the more advanced degree of peripheral vascular dis- 
ease, this was not surprising. Forty-four per cent of 
these operations were done in diabetic patients, and 
many patients had more than one associated disease. 
Most of these were arteriosclerotic in etiology. 


Smoking 


Data on the smoking habits of these patients was 
incomplete in this retrospective study. Of 69 patients 
for whom such information was recorded, all gave a 
history of smoking. In 23 charts the information was 
lacking. 


Arteriography 


Femoral arteriography was used routinely in the 
selection of patients for these operations. Run-off was 
deemed good or excellent if the popliteal artery was 
drained by two or three of its normal major branches 
in continuity, even though they were often diseased. 
If one or none of these vessels was open, run-off was 
called fair or poor. On this basis, 68% of the. opera- 
tions were done on patients having good or excellent 
run-off, and 32% on those classified as fair to poor. 
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TABLE 1. One Hundred Consecutive Femoropopliteal Grafts for 
Limb Salvage; Age and Distribution 








Age— 

Years No. of Operations . Male Female 
40-49 4 3 1 
50—59 36 27 9 
60—69 37 23 14 
70-79 19 15 4 
80-89 4 2 2 

Total 100 70 30 


Indications for Surgery 


Many of the patients in this series had several signs 
of limb-threatening disease. In the entire group, 62 had 
rest pain, 26 had frank gangrene of one or more toes, 
and 32 had nonhealing ischemic ulcers. Of these 100 
vein grafts, the great majority originated from the com- 
mon femoral artery. Seventy-eight of the distal anas- 
tomoses were placed in the popliteal artery above the 
level of the knee joint. The remaining 22 were carried 
to the popliteal below the knee. 


Follow-up 


Eighteen patients were lost to follow-up within the 
five year period. Of these, only one patient’s graft was 
known to have occluded prior to his being lost. We 
have surmised that many of these patients died outside 
of the hospital, but we cannot substantiate this. They 
are excluded from our analysis of mortality, graft pa- 
tency and limb loss. 


Results 
Mortality 


Three operative deaths occurred, two as a result of 
myocardial infarction and one following a cerebro- 
vascular accident. Two of the three patients were dia- 
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TABLE 2. One-Hundred Femoropopliteal Grafts for Limb Salvage; 
Profile of Associated Diseases 








Salvage Claudication 
Cardiac 56 36 
Cerebrovascular (Stroke) 10 5 
Hypertension (555) 26 30 
Renal insufficiency 4 0 
Pulmonary insufficiency 29 19 
Diabetes mellitus 44 22 





betic. After five years, 26 additional patients were 
known to have died, generally from complications of 
cardiovascular disease. 

Of the diabetic patients followed for five years, 44% 
(15 of 34) died. Among the nondiabetics, 35% (14 of 
40) died. The mortality rate among those followed for 
five years with good run-off was 44% (22 of 50) but, 
surprisingly, among those with fair or poor. run-off, 
only 2996 (7 of 24). 


Graft Patency 


The graft patency rate, when calculated by the life 
table method (Table 3) in order to make these results 
comparable with other series, was 46.296. Actually, 
23 of 49 or 4796 were patent at the end of five years, 
while 53% had thrombosed. Our results with operations 
for claudication contrast sharply with these findings. 
In that series, 7096 of the grafts in surviving patients 
were patent at five years (Fig. 1). 

Among the 29 patients who died in this series, 18 - 
grafts were known to be patent at the time of death. 
The patency rate at five years among diabetics was 
only 32% (9 of 28), whereas among nondiabetics 59% 
of grafts (16 of 27) remained patent. In contrast, among 
the claudicators the presence of diabetes did not appear 
to affect the patency of grafts at five years. 

When calculated on the basis of run-off, 51% of the 
grafts in the present series remained patent at five years 


TABLE 3. Life Table Analysis for Patency of 100 Femoropopliteal Grafts for Limb Salvage 


Lost to Grafts 

Follow-up Death at Risk 
H 0 3 100 
3 mo 3 1 83 
6 mo 3 0 70 
12 mo 4 5 58 
18 mo 0 1 51 
24 mo 0 0 49 
30 mo 1 2 41 
36 mo 2 3 36 
4yr 1 2 31 
5 yr 3 i 25 


Cumulative 
Grafts Grafts Patient Patient 

Occluded Patent Rate Rate 
10 87 89.8 89.8 
10 73 87.6 78.6 

3 67 95.6 75.1 

6 52 88.7 66.6 

2 49 96.1 64.0 

5 44 89.8 57.5 

0 4i 109 57.5 

2 34 94.1 54.1 

2 29 93.2 £0.5 

2 23 91.3 46.2 
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Fic. 1. Comparison of patency rates of 100 consecutive vein grafts 
for both claudication and limb salvage at five years. 


when the run-off was good, compared to only 38% 
when the run-off was fair to poor. 


Limb Survival 


During the five year interval following operation, 
25 of these 100 limbs were known to have been lost. 
In contrast, among the claudicators, only three limbs 
were lost in five years. Considering those lost to fol- 
low-up, the amputation rate in this series was therefore 
30%. Seven of these amputations were done during 
the same hospital admission and an additional seven 
were done within three months of the original operation, 
invariably because of early graft failure. The remaining 
11 limbs required amputation at varying times subse- 
quently, following thrombosis of the graft. Of the 25 
amputations, essentially three-quarters were done 
below the knee and one-quarter above the knee. There 
were, in addition, ten limbs in which late graft failure 
did not lead to amputation, despite the fact that the 
original operation was done in the presence of estab- 
lished or incipient tissue necrosis. 

When limb loss was calculated among those in which 
run-off was originally fair or poor, the amputation rate 
. was 42% (12 of 28), and among those with good run-off, 
it was 24% (13 of 54). The presence or absence of 
diabetes made no difference in the amputation rate in 
this series. Twelve out of 39 diabetic limbs (31%) were 
lost over the five years, and 13 of 42 nondiabetic limbs 
(31%). This finding was surprising, since it is at variance 
with much of the general experience. 
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Discussion 


Since the introduction of the use of autogenous sa- 
phenous vein to bypass obstructive disease in the 
femoropopliteal segment by Kunlin in 1951,° this 
procedure has gained world-wide acceptance. Experi- 
ence has repeatedly shown that such procedures can 
produce limb salvage, and there is general concensus 
that they are worthwhile. Our overall amputation rate 
of 30% can also be viewed as a limb salvage rate of 
70%, since all limbs were threatened prior to operation 
and it is unlikely that any would have survived five 
years if untreated. This figure is in general agreement 
with reports by Blumenberg,? Couch,’ Dale,?DeWeese,' 
Koontz,? LoGerfo,!? Martin,!! Ramsburgh,!* and their 
respective groups, in which the range of limb salvage 
at long-term follow-up was 61-80%. In this series, limb 
survival correlated best with the adequacy of distal 
run-off. There was no apparent indication that unsuc- 
cessful grafts tended to precipitate amputation at a 
higher level than would have been appropriate had 
no graft been attempted. 

Some variation in opinion among surgeons is inevita- 
ble, with regard to the indications for grafting in in- 
dividual cases. With increasing experience, however, 
one may find himself accepting more difficult and less 
favorable candidates. There can be little doubt that, 
when successful, the procedure is exceedingly grati- 
fying to both the patient and the surgeon. When unsuc- 
cessful, however, it may make a bad situation worse, 
and clearly adds to the patient's suffering and expense. 
Therefore, one should be hesitant to undertake the 
procedure unless a reasonable chance for success exists. 
In some patients, even temporary graft patency may 


. be extremely helpful in averting a major amputation. 


Often, we have been able to limit amputations to one 
or more toes following a femoropopliteal graft which 
remained patent for only several months, whereas local 
amputation could not have been achieved without the 
temporary improvement in perfusion. Healing may be 
permanent even after subsequent failure of the graft, 
since less circulation is required to maintain integrity 
of the skin than to produce wound healing. The same 
applies to ischemic ulcers which often result from 
minor trauma. Thus, failure of a graft, even when per- 
formed for limb salvage, does not always result in am- 
putation. In addition, secondary grafting is sometimes 
possible after graft failure. Some of our patients have 
undergone several procedures over the years, with pro- 
longed salvage of their limbs. In general, however, 
if a graft fails, the limb returns to its preoperative 
state, is again threatened and may be even more is- 
chemic because of distal progression of disease or inter- 
ruption of collateral channels. 

There exists another group of patients who may 
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appear to have occluded their graft but have not. In 
these cases, proximal progression of disease, usually 
in the common or external iliac artery, may lead to 
occlusion above the graft. Despite reduction in flow, 
a vein graft will often remain patent under these cir- 
cumstances. Although our experience with prosthetic 
grafts placed in the femoropopliteal area is limited, 
we have never seen one remain patent if occlusion 
develops proximally. Therefore, if the femoral pulse 
is lost or becomes weak, and dital pulses disappear 
in a patient with femoropopliteal vein graft, one 
should obtain another arteriogram before concluding 
that the graft has necessarily thrombosed. 

We would like to use periodic postoperative angiog- 
raphy routinely, but we have encountered resistance 
to this from patients, unless there is clear indication 
of trouble. Recently, however, we have emphasized 
routine noninvasive flow studies during the follow-up 
period, in the hope of detecting early graft or vessel 
stenosis before thrombosis occurs. With this informa- 
tion, early operative intervention can help preserve 
threatened grafts and limbs, and may reduce further 
the incidence of graft failure and limb loss. 

The operative risk of femoropopliteal grafting re- 
mains acceptably small. Among our claudicators, it 
was 0%; in this series it is 3%. Age alone has not 
been a barrier to our acceptance of patients for opera- 
tion. Although not included in this series, we have 
successfully operated on several patients in their 90’s 
and one patient over 100-years-old. The determining 
factors in our judgment are the state of the arterial 
tree, as seen on the arteriogram, and the general state 
of health of the patient. 

The five year mortality rate of 40%, however, is 
testimony to the advanced age and advanced state 
of systemic arterial disease among this population of 
patients. This finding confirms the reports of DeWeese 
(48%)? and Blumenberg (25%).* Nevertheless, it is our 
distinct impression that this operation may actually 
prolong the lives of many patients in the sense that 
it may prevent or delay amputation which in turn so 
often leads to a downhill course in the elderly. That 
we had a higher mortality among our diabetics was 
not unexpected, but we were surprised not to find a 
higher rate of amputation among them than among 
nondiabetics. We have no ready explanation for this 
finding, but some other authors have had similar expe- 
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rience. Martin and Foster!” reported that their diabetic 
patients demonstrated a markedly reduced rate of 
vein graft patency and limb salvage, whereas Bern- 
hard, Buda,? LoGerfo,!? Miller,? Ramsburg,’ and 
their respective groups have reported that diabetes 
seemed to have no effect on long term graft patency 
or limb salvage. 

Certainly, life for those who may be destined to die 
within a few years of operation is far more enjoyable 
if amputation can be avoided. There are few among 
us who would not accept an operation of this sort if it 
would postpone amputation of our leg for even a year 
of two. We believe, therefore, that the operation is 
worthwhile if the graft remains patent for any signif- 
icant period. 
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Leg Ischemia Following Surgery for Abdominal 


Aortic Aneurysm 
GEORGE TCHIRKOW, M.D.,* EDWIN G. BEVEN, M.D.+ 


Resection of an abdominal aortic aneurysm was associated 
with intraoperative or postoperative leg ischemia in seven 
of 100 consecutive survivors of this procedure. Distal emboliza- 
tion of thrombus and debris is the apparent cause in the ma- 
jority of cases (six). One case of stenosis at a graft-to-vessel 
anastomosis was identified. Early (intraoperative) thrombo- 
embolectomy averted tissue loss in four cases. The role of 
concurrent lumbar sympathectomy in ameliorating ischemic 
tissue loss is evaluated. Postaneurysmectomy leg ischemia 
may accompany other serious complications, particularly 
hypotension and renal failure. 


DEQUATE PERFUSION of the lower extremities Is a 
A major concern following resection of the abdomi- 
nal aorta for aneurysmal disease. Among the many 
complications which may develop.in the postoperative 
period following aneurysmectomy and graft, leg is- 
chemia is infrequent and poses a relatively minor threat 
to recovery. However, when it does occur, leg ischemia 
may prolong the period of recovery and frequently 
necessitates additional operative procedures. Periph- 
eral thromboembolism appears to play the major role. 
Other factors, such as stenosis or obstruction of a graft 
limb and postoperative hypotension, have also been 
implicated in distal ischemia. To better understand the 
incidence and significance of this complication, a series 
of patients undergoing abdominal aortic aneurysmec- 
tomy at the Cleveland Clinic Hospital was reviewed. 


Clinical Material 


A consecutive series of 100 patients who survived 
abdominal aortic aneurysmectomy was reviewed 
(Table 1). In order to assess the incidence of postop- 
erative ischemia, only those patients who survived the 
procedure and the early postoperative period were 
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included in the study. These cases involved the period 
from June 1974 through March 1977. The series in- 
cluded both elective and urgent aneurysmectomies. 
Six of the 100 patients were symptomatic (back or ab- 
dominal pain related to aortic aneurysm) and three of 
these six had ruptured aneurysms. Patients operated 
upon for symptomatic aortoiliac occlusive disease who 
were found to have an aortic aneurysm were excluded 
due to presence of existing ischemic symptoms. Also, 
patients with aortic aneurysms who presented with 
distal microemboli or ischemic ulcers were excluded 
for the same reason. Four patients died in the post- 
operative period. 

Lower extremity ischemia is defined as inadequate 
leg perfusion resulting in 1) a specific procedure re- 
lated directly to the ischemia (i.e. embolectomy, am- 
putation) or 2) gangrene of lower extremity tissue 
managed either conservatively or surgically. 


Method of Surgery 


Preparation for elective aneurysm surgery included 
overnight intravenous hydration, systemic antibiotics, 
and nasogastric intubation for decompression of the 
stomach and proximal small intestine. Patients with 
symptomatic or ruptured aneurysms were operated 
upon immediately following resuscitation. In all cases, 
exposure of the aneurysm was accomplished through 
a midline abdominal incision, and control of the aorta 
above the aneurysm was obtained. The appropriate 
distal sites for clamping were selected and isolated. 
In 91 cases, the distal aorta, common iliac, or external 
iliac arteries were suitable for grafting. In nine cases, 
the femoral arteries were chosen for distal anastomotic 
sites in at least one limb. Following cross-clamping 
ofthe aorta and distal vessels, the aneurysm was opened 
and all aneurysmal contents were evacuated. A 2000- 
Unit bolus of heparin was then injected distally into 
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each limb while lumbar artery ostia in the posterior 
aortic wall were oversewn. Systemic heparinization 
was not used. A preclotted Dacron® graft was then 
placed using standard vascular anastomosis technique. 
The distal anastomoses were completed only after ade- 
quate backflow had been demonstrated. In two cases, 
renal artery revascularization was performed in con- 
junction with aneurysmectomy for renovascular hyper- 
tension. Lumbar sympathectomy, usually bilateral, 
was performed in 12 cases. 


Results 


Ninety-three of 100 patients demonstrated no evi- 
dence of leg ischemia. These patients required neither 
intraoperative nor postoperative intervention for is- 
chemia. In seven patients, ischemia was evident (Table 
2). Five ofthe seven patients were noted to have inade- 
quate limb perfusion (absent or decreased foot pulses, 
mottled skin) at the completion of graft placement and 
underwent intraoperative exploration of leg vessels 
and embolectomy. In all instances, perfusion and foot 
pulses were improved. Two of the patients (Cases 1 
and 6), however, progressed to toe or forefoot gangrene 
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TABLE 1. Data on Patients in Study 
Total cases 100 
Elective 94 
Symptomatic 6 
(ruptured) (3) 
No ischemia 93 
Ischemia 7 
Gangrene with eventual loss of tissue (surgical 
amputation or autoamputation) 3 


despite apparently successful embolectomy and con- 
servative measures, including intravenous Rheomacro- 
dex and lumbar sympathetic blockade. 

One patient (Case 7) demonstrated severe bilateral 
ischemia (pallor, anesthesia, absent pulses) in the 
immediate postoperative period which was also compli- 
cated by retroperitoneal hemorrhage requiring G-suit 
counterpressure. Following replacement of blood 
volume, femoral angiograms were performed which 
demonstrated bilateral popliteal emboli. Fogarty em- 
bolectomy restored foot pulses in the right foot and 
a popliteal pulse in the left leg. The patient survived 
a stormy postoperative course which included septi- 
cemia, pulmonary emboli, and renal failure which 


TABLE 2. 


Presentation of 


Patient Procedure Ischemia Associated Findings Therapy Results 
Casel AAA + ABF postoperative pallor, — intraoperative left fe- dry gangrene right 
hypasthesia right moral throinboem- 1—4 toes, autoam- 
foot, foot pulses bolectomy, intra- putation 
present venous Rheomacro- 
dex, lumbar sympa- 
thetic blockade 
(Xylocaine) 
Case2 exposure AAA with hy- right lower leg pulse- intraoperative hypoten- right popliteal thrombo- ischemia corrected 
potension less; cool sion embolectomy 
(delayed) 
Case3 AAA + ABI + bilateral cool, mottled, pulseless bilateral femoral emboli intraoperative femoral ischemia corrected 
lumbar sympathec- feet intraoperatively on angios (intra- thromboembolec- 
tomy operative) tomy 
Case 4 AAA + ABI + Bilateral cool, mottled, pulseless — intraoperative left ischemia corrected 
lumbar sympathec- left foot intraopera- popliteal thrombo- 
tomy tively embolectomy 
Case5 AAA F ABI + right right foot viable but right leg claudication left femoral right ischemia corrected 
groin exploration sluggish capillary with prolonged am- femoral crossover 
flow, weakness bulation graft 
Case 6 AAA. + A-R femoral, postoperative absent fixed livedo reticularis iritraoperative right right gluteal muscle 
A-L iliac; bilateral right foot pulses, right buttock and femoral thrombo- necrosis, ischemic 
aorto-renal 8 mm mottled skin right thigh; CPK, 19,000; embolectomy neuropathy right leg 
Dacron grafts; right foot, anesthesia, right renal failure 
lumbar sympathec- foot 
tomy 
Case 7 AAA + A-A; intraop- both feet cool, pale, postoperative hypo- bilateral popliteal L forefoot amputation 
erative hemodilution mottled postopera- tension; G-suit thromboembolec- for gangrene, dry 


tively 


counterpressure; 
renal failure 


tomy (delayed) 


gangrene R 4—5 toes 
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required hemodialysis, but he required readmission 
for a left transmetatarsal amputation for dry gangrene. 

One patient (Case 5) demonstrated unilateral leg 
ischemia following aneurysmectomy and graft which 
did not progress to gangrene. The right leg was 
noted to be cool, pale, and demonstrated sluggish capil- 
lary filling but was viable. Following an otherwise 
unremarkable period of recovery, the patient demon- 
strated severe right calf claudication requiring restudy 
and subsequent femorofemoral crossover graft for 
stenosis of the right limb of the bifurcation graft. 
The patient has done well without claudication fol- 
lowing these procedures.: 

. One patient (Case 2) became severely hypotensive 
at the time .of aortic dissection, requiring postpone- 
ment of definitive aneurysm resection. In the interval 
period, he was noted to have a cool, pale right lower leg 
with absent popliteal and foot pulses. Preoperative 
pulses had been present. At the time of aneurysmec- 
tomy three days later, a right popliteal embolectomy 
Was performed restoring leg pulses and markedly im- 
proving perfusion. Gangrené was avoided and claudica- 
tion has not developed. 

One patient (Case 6) underwent an elective aneu- 
rysmectomy in conjunction with bilateral renal artery 
revascularization for renal artery stenosis. Preopera- 
tive angiograms had demonstrated normal iliac and 
femoral arteries, and preoperative foot pulses were 
normal. Following dissection of the aneurysm, the 
right femoral pulse, which had been present preopera- 
tively, was noted to be absent. Consequently, a right 
femoral artery exploration was performed, and em- 
bolic debris was removed from the femoropopliteal 
seginent. A right lumbar sympathectomy was also 
performed. Following bifurcation graft placeinent (to 
the right femoral and left common iliac arteries), a 
pulse was present in the right femoral and anterior tibial 
arteries: Postoperatively, the patient had marked weak- 
ness and severe pain in the right lower leg, except for 
the foot which was anesthetic. Right ankle pulses 
were absent. The patient also developed á fixed livedo 
reticularis of the right buttock and thigh: Acute 
renal failure with hyperkalemia supervened, requir- 
ing hemodialysis. The serum CPK rose to 19,000 Units. 
Renal function eventually returned to normal, and the 
patient survived. However, he developed necrosis of 
the right gluteal muscles and portions of the overlying 
skin which was managed by open drainage and de- 
bridemerit with spontaneous healing. His right leg re- 
mains weak with electromyographic evidence of 
ischemic neuropathy. There has been no skin loss on 
the right foot. 
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Discussion 


Symptoms of lower extremity ischemia are unusual 
in the patient with an abdominal aortic aneurysm 
unless distal microemboli are present? or significant 
atherosclerosis of the leg vessels coexists. Conse- 
quently, postoperative leg ischémia is invariably, a 
result of the operative procedure excluding the above- 
mentioned conditions. Thromboembolism, hypo- 
tension, and graft stenosis are factors which threaten 
the adequacy of distal blood flow during and after 
aortic surgery. 

Peripheral thromboembolism has been. recognized 
as a complication of aortic reconstruction since the 
beginning of modern vascular surgery. In 1954, Blake- 
more and Voóorhees! reported a case of ''anemic 
necrosis" resulting in loss of a distal phalanx of a toe 
following banding and. electrothermic coagulation of 
an aortic aneurysm. In 1959, Boyd.and Pastel? re- 
ported 20 consecutive aneurysmectomies with homo- 
graft replacement. Five of these patients experienced 
arterial thrómbotic complications. One. required limb 
amputation; two required reoperation (thromboembo- 
lectomy) for limb salvage, and two patients would 
have required amputation had they survived. In this 
report, injection of heparin into the distal vessels and 
establishment of free back-bleeding is emphasizéd 
although these principles were not introduced during 
the period of the study. MacVaugh and Roberts? re- 
ported in 1961 that arterial embolus or thrombosis 
in the leg was the most common complication (11 pa- 
tients) in a series of 92 operations for nonruptured 
aortic aneurysms. Despite embolectomy in ten of these 
patients, three developed eventual loss of limb due to 
ischemic gangrene. The details of operative technique 
and the use of heparin were not mentioned in this re- 
port. Twenty of 187 aneurysmectomy patients ex- 
perienced leg ischemia in a report by May' in 1967. 
Five patients required surgical intervention while 
only one patient required amputation. Heparin was 
not used in these patients. 

More recént studies of aortic reconstruction for 
aneurysmal disease report a much lower incidence 
of distal iscliemia.*? Imparato* reported in 1973 that 
peripheral embolism can be avoided by systemic 
heparinization and staged aortic declamping such that 
all particulate matter is flushed entirely from the 
vessels or into the hypogastric circulation. In 94 
consecutive aneurysm resections, only one patient 
developed peripheral ischemia. The authors also 
emphasize the importance of minimal manipulation 
of the aorta prior to cross-clamping. 
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The concept of in situ thrombosis in the leg vessels, 
as opposed to atheromatous emboli, deserves con- 
sideration. Particularly in difficult and lengthy cases, 
thrombosis in the iliac, femoral, and popliteal arteries 
may occur despite regional heparinization. With restor- 
ation of flow, the clots could be driven into the distal 
tree. DeWeese? in 1962 reviewed 12 cases of failure of 
major arterial reconstruction within 24 hours of sur- 
gery. Four of these patients had placement of aortic 
bifurcation grafts (threé for occlusive disease, one for 
aneurysm). Heparin was injected into distal vessels, 
and retrograde How was adéquate in all cases. All had 
initially successful arterial réconstruction as evidenced 
by adequate distal perfusion. In seven of the 12 cases, 
reoperation revealed thrombosis at an arteriotomy 
site, graft-vessel anastomosis, or endarterectomized 
segment. Only three cases involved peripheral emboli. 

Despite. these: observations, it appears likely that 
embolization of atheromatous debris plays the major 
role in postoperative distal ischemia. The findings 
of Thurlbeck and Castleman,!? who described athero- 
matous emboli to the kidneys in 17 of 22 patients dy- 
ing aftér aortic aneurysm surgery, are pertinent. In 
this situation, fragmentation of aortic wall plaques 
with cross-clamping is postulated with subsequent 
flow into the adjacent renal arteries due to tur- 
bulence. Certainly, cross-clamping of the distal aorta, 
iliac, or femoral arteries might cause similar fragmenta- 
tion of atheromatous plaques which would propagate 
distally with restoration of flow. Permitting backflow 
of limb blood prior to distal anastomosis and staged 
declamping to the aorta and distal vessels should 
minimize the threat of distal embolus. The present 
study suggests that intraóperative détection and 
prompt coiréction of ischemia averts tissue loss in 
the affected limb. Four patients (Cases 1, 3, 4, and 6) 
underwent intraoperative thromboembolectomy. 
Tissue loss did not occur in the embolectomized limbs 
of these patients except for the unusual situation of 
gluteal muscle and skin loss (Case 6) from a suspected 
massive embolic shower into the right hypogastric 
circulation. Tissue loss (dry gangrene of four toes) 
occurred on the right foot of one patient (Case 1), 
but the left limb, which had been explored intra- 
operátively, was spared. There was no loss of tissue 
associated with delayed right popliteal embolectomy 
in Case 2. However, in Case 7, delayed bilateral 
popliteal embolectomy was associated with significant 
tissue loss in both limbs (left forefoot, right fourth 
arid fifth toe gangrene). 

The favorable results with early intervention in an 
ischemic extremity are predictable and follow well- 
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established principles of surgical management. The 
effects of sympathectomy on the course of postopera- 
tive ischemia are more difficult to judge. Interruption 
of one or both sympathetic chains, in conjunction 
with aneurysmectomy, was performed in a total of 12 
patients in this study. Only one of these patients (Case 
6) demonstrated tissue loss. However; when applied 
in cases of suspected ischemia, sympathectomy was 
always performed as a complementary procedure to 
thromboembolectomy of the affected limb. The 
majority of patients (nine of 12) who underwent sympa- 
thectomy had demonstrated diminished preoperative 
ankle pulses but no ischemic symptoms. A favorable 
outcome in these cases as a result of the ‘‘prophylac- 
tic" sympathectomy cannot bé established from this 
study. One additional patient (Case 1) had a post- 
operative paravertebral lumbar sympathetic block- 
ade. This mieasure was unsuccessful in reversing a 
severe ischemic necrosis of four toes on the right foot. 

Our study shows that leg ischemia often accompanies 
other serious postoperative complications, especially 
hypotension and/or renal failure. Indeed, in the pa- 
tient with multiple life-threatening complications, 
inadequacy of limb perfusion may be initially over- 
looked. Two of the patients with postoperative ischemia 
had either intraoperative (Case 2) or postoperative 
(Case 7) hypotension. Also, two patients. (Cases 6 
and 7) developed postoperative renal failure requir- 
ing temporary hemodialysis. The association of early 
postoperative leg ischemia and subsequent renal 
failure lends support to the concept of massive 
embolic showers as the common etiology of these two 
complications. 

None of the three survivors of surgery for rup- 
tured abdominal aortic aneurysm demonstrated leg 
ischemia which corresponds to the low incidence 
reported by van Heeckeren" for similar patients (one 
in 27). | 

This report is limited to patients having surgery 
for aortic aneury$mal disease. The incidence of leg 
ischemia in patients who have aortoiliac recoristruc- 
tion for occlusive disease is not well-documented. 
Figures significantly different from those presented 
for aneurysm surgery, however, would not be ex- 
pected. Despite occlusive disease in the major leg 
arteries, a well-developed colláteral flow should pro- 
tect the distal tree from all but the most massive of 
embolic showers. 

Our report wishes to emphasize that distal ischemia 
may occur in the patient undergoing abdominal aortic 
aneurysmectomy despite meticulous surgical tech- 
nique. The use of regional heparinization and staged 
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aortic declamping, as described by Imparato, should 
minimize the incidence of this complication. The legs 
should be frequently inspected for adequacy of distal 
flow in the intraoperative and postoperative periods. 
Early intervention in cases of suspected thrombo- 
embolism, to include intraoperative angiography and 
embolectomy, is encouraged. 
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Erratum 


In the article ‘‘Esophagogastrectromy: Data Favoring End-to-Side Anas- 
tomosis" by Jameson L. Chassin (Ann. Surg., 188:1, 1978) the first sentence of 


the addendum should have read: 


“Since this paper was accepted for publication, three additional patients have 
undergone left thoracoabdominal esophagogastrectomy with end-to-side anas- 


tomosis.’’ 
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Thymomas in Patients with Myasthenia Gravis 


GARY SLATER, M.D., ANGELOS E. PAPATESTAS, M.D., GABRIEL GENKINS, M.D., PETER KORNFELD, M.D. 


The records of 141 patients with myasthenia gravis who had 
thymomas were reviewed. In this series there were 69 non- 
invasive tumors and 52 invasive tumors. The five year sur- 
vival for all patients was 60%, with the invasive group 
demonstrating a poorer prognosis than the noninvasive. The 
remission rates for the whole group (both invasive and non- 
invasive) of myasthenics was quite low (7%). Although the 
overall survival of this series of patients was relatively high, it 
is felt that by earlier diagnosis and a more aggressive surgical 
approach their prognosis will be even better. 


HE ASSOCIATION OF a thymic tumor with myas- 
thenia gravis was originally made by Weigert in 
1901./? It is currently estimated that between 8 and 
15% of patients with myasthenia gravis have an asso- 
ciated thymoma.??.1 
The treatment of patients with myasthenia gravis 
and coexistent thymomas has always been difficult, due 
to the severity of the myasthenic symptoms and the 
unpredictable response to treatment in these patients. 
The risk of operating on myasthenic patients with respi- 
ratory failure as well as the belief that most thymomas 
are benign, had previously led some investigators to 
advise a non-operative approach on certain patients with 
thymomas. More recently with better respiratory sup- 
port units, however, most investigators recommend 
removal of thymomas because of the recognition of 
the locally invasive potential of these tumors.’ Keynes 
reported on over 30 thymectomies in myasthenics with 
thymomas prior to 1955.5 With a combination of radio- 
therapy and surgery he noted improvement in over 
50% of the patients operated on. More recent reports 
by Wilkins,” and Bernatz! have documented five year 
survivals of 50% and 63%, respectively. The most sig- 
nificant factor in determining the prognosis in both of 
these series was the invasiveness of the tumor. 
We have had the opportunity to follow 161 myas- 
thenic patients with thymomas in the past 20 years. We 
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have reviewed the records of all patients in whom the 
above association was present in an effort to better 
understand the various factors that affect prognosis and 
clinical course, as well as to assess the effectiveness 
of surgery. 


Composition of the Series 


The total number of patients with myasthenia gravis 
seen at our hospital, as well as the number of those 
with associated thymomas, is shown in Table 1. The 
incidence of thymomas is seen to be approximately 
10%. Of the 161 patients stated to have a thymoma, 
121 had an operation and histological confirmation of 
this diagnosis. This group of histologically proven thy- 
momas form the basis of this report. Most of the other 
patients with a diagnosis of thymoma who did not un- 
dergo surgery, were not operated upon either because 
their myasthenic problem was deemed too serious to 
tolerate surgery and radiotherapy was selected as the 
treatment of choice, or because the diagnosis of thy- 
moma was made only at autopsy. The age distribu- 
tion at the time of thymectomy, of 56 men and 65 
women with thymomas in the series is seen in Table 2. 


Surgical Procedure 


The large majority of patients (97) underwent a stand- 
ard median sternotomy. The indication for surgery in 
most of these patients was the presumed presence of a 
thymoma. A smaller group of patients (24) had their 
thymectomy performed via a transcervical approach. 
In the latter group there was no preoperative diagnosis 
of thymoma, and the indication for operation was the 
presence of symptomatic myasthenia gravis. All of the 
thymomas in this group were small and noninvasive. 
Most of the patients operated through the transcervical 
approach have not as yet completed a five year follow- 
up, as the technique was not utilized until 1967. 
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TABLE 1. Composition of Patients with Myasthenia Gravis 


Men Women All 

Total Number of Patients 682 949 1631 

Patients undergoing thymectomy 171 354 525 

Patients with thymoma 54 56 110 
Patients with thymoma 

(No thymectomy) 21 30 51 

Per cent of patients with thymoma 11 9 10 

Pathology 


Thymomas were classified histologically by the pre- 
dominant cell found in the specimen. Thymomas as- 
sociated with myasthenia gravis, are usually epithelial, 
lymphocytic or lymphoepithelial, while in thymomas 
not associated with myasthenia the predominant cell is 
frequently of the spindle shaped variety. In our patients 
with myasthenia the histological classification was 72% 
lymphoepithelial, 24% lymphocytic, and 4% epithelial. 
The gross classification of thymomas into invasive and 
noninvasive tumors is usually made by the surgeon 
at the time of operation. In our series, there were 69 
noninvasive tumors and 52 invasive tumors. 


Clinical Course 


The five year cumulative survival, following thymec- 
tomy, of the entire group of patients as well as for those 
with invasive and noninvasive thymomas is seen in 
Figure 1. The cumulative five year survival in relation 
to sex is shown in Figure 2. When both sex and local 
invasiveness was taken into consideration, as shown in 
Figure 3, it was noted that the men with invasive tumors 
had the poorest prognosis of all. In the latter group, the 
most significant factor in lowering the five year survival 
was the large number of deaths occurring in the first 
year after surgery. 

The total number of deaths that occurred in the series 
was 37. Eight occurred during the immediate postop- 
erative period, within 30 days of operations. Thus the 


TABLE 2. Patients with Myasthenia Gravis and Thymomas 
Age Distribution at Time of Thymectomy 


Age Total Group ` Males Females 
10-19 2 2 
20-29 9 6 3 
30—39 16 9 7 
40—49 36 15 21 
50-59 32 14 18 
60-69 21 10 11 

70 2 2 

Unknown 3 
Totals 121 56 62 
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Fic. 1. Cumulative survival of patients with invasive and noninvasive 
thymomas for each postthymectomy year. 
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Fic. 2. Cumulative survival of male and female patients with thy- 
momas for each postthymectomy year. 
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Fic. 3. Cumulative survival of patients with thymomas taking into 
consideration both sex and invasiveness of the tumor. 


overall postoperative mortality is 7% but all of the post- 
operative deaths occurred prior to 1968. Twenty-one 
deaths occurred within one year of surgery. Twenty- 
two deaths were in patients with noninvasive thymomas. 


Remission Rates 


We define a remission as complete cessation of all 
symptoms in a patient who is off all medication that 
might affect the course of myasthenia (including anti- 
cholinesterases, steroids, etc.) The per cent of patients 
who were in remission in each postthymectomy year, 
over a five year period, is seen in Table 3. The per- 
centages,regardless of invasiveness are quite similar 
and rather low. If we compare the remission rates for 
myasthenic patients, who underwent thymectomy be- 
cause of a thymoma with that reported in myasthenics 


TABLE 3. Remission Rates for all Patients and Invasive 
and Noninvasive Group 


Years Total Group Neninvasive Invasive 
l 5 4 5 
2 6 3 6 
3 4 3 4 
4 3 9 9 
5 7 4 11 
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Fic. 4. Remission rates in myasthenic patients with and without thy- 
momas for each year postthymectomy. 


without a thymoma,® we see a much higher rate of 
remission in the latter group. (Fig. 4) 


Adjuvant Therapy 


Radiotherapy was used postoperatively in a rela- 
tively small number of patients (22). It was used almost 
exclusively for patients whose tumor was not totally 
excised. Of this group, 18 patients had invasive tumors 
and 13 patients died within five years after operation. 
Radiation has been used sparingly in recent years, be- 
cause of the lack of studies demonstrating a distinct 
advantage for this type of treatment. 


Comments 


The place of thymectomy in the treatment of patients 
with myasthenia gravis has been a controversial issue 
for many years. It is generally accepted, however, that 
the presence of a thymoma is a strong indication for 
surgery. Most surgeons who have a large experience 
with this disease recommend total thymectomy in addi- 
tion to removal ofthe thymoma (as well as any adjacent 
nonvital structures if the tumor is invasive) in an at- 
tempt to ameliorate the symptoms of myasthenia. 

We have found in this series a high incidence cf 
invasive thymomas. Our incidence of 43% is similar to 
others.??? We feel that this may be due to a delay in 
diagnosis. Since we know that up to 15% of all myas- 
thenic patients will develop a thymoma, by careful ob- 
servation of or earlier operations in these patients we 
may be able to operate on more noninvasive tumors. 
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In particular, all myasthenics who do not undergo early 
thymectomy should have periodic chest x-rays (includ- 
ing lateral views to evaluate the anterior mediastinum). 
Surgery should be advised for any patient with a sus- 
picious or changing x-ray. We have previously shown 
that there are a significant number of patients, par- 
ticularly in the age group above 40 who harbor com- 
pletely unsuspected thymomas. Thus we feel that thy- 
mectomy should be strongly advised in patients who are 
moderately to severely symptomatic on medication be- 
fore evidence of a thymoma is seen. We have pre- 
viously shown that thymectomy is beneficial in improving 
the rate of remission in myasthenics without thymomas.* 

The five year survival rate of 60% for all myasthenics 
with thymomas in our series is similar to reports of 
others.!-? Myasthenic patients with invasive thymomas 
had a distinctly poorer prognosis. Jt is thus evident 
that although thymomas are relatively slow growing 
tumors, the invasive variety is associated with a higher 
mortality. Most of the deaths in our series occurred 
within the first year and were usually associated with 
myasthenic problems rather than with the tumor itself. 

It is evident from our review that myasthenic pa- 
tients with thymomas (both invasive and noninvasive) 
have a very poor rate of remission. The large majority 
of patients remain on long term treatment for their 
myasthenia with relatively little chance for a remission. 
These patients must remain under close medical ob- 
servation because of the severity of their associated 
disease. 

In conclusion, we have found that myasthenic pa- 
tients with thymomas have a relatively good prognosis 
in terms of their survival, but can expect to remain 
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symptomatic from their myasthenia. Efforts must be 
made to identify myasthenic patients with thymomas 
at an early stage in order to decrease the risk of local 
invasiveness. Ás the percentage of noninvasive thy- 
momas increases, survival of these patients should con- 
tinue to improve. 
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Decreases in Histamine Forming Enzyme Activity of 
Non-metastasizing Fibrosarcomas in Hamsters 
with Progressive Tumor Growth 


THOMAS C. MOORE, M.D., LOIS E. KOPPELMANN, PH.D.,"^ CARLOS A. E. LEMMI, PH.D. 


A marked and progressive decrease in the activity of the his- 
tamine forming enzyme, histidine decarboxylase (HDC), of 
tumors was found to be associated with the progressive growth 
of SV-40 virus induced and transplanted syngeneic non-metas- 
tasizing fibrosarcomas in inbred LSH Syrian hamsters. His- 
tamine forming enzyme activity was highest in the smallest 
tumors (p < .005) and in the tumors with the slowest growth 
rate (p < .005, r — 0.84). Tumor histamine forming enzyme 
activity was highest for each interval of animal exposure to 
inoculated tumor cells in those animals which had limited their 
tumor growth to the smallest tumor size. These findings sug- 
gested a local anti-inflammatory effect of progressive tumor 
growth. Induced local inflammation by repeated intratumor 
injections of bradykinin markedly elevated tumor histamine 
forming enzyme activity above expected levels for tumors of 
the same size in a small group of individual animals which 
were sampled at random from a larger group of animals which 
weré being studied for the tumor growth kinetics effects of 
repeated intralesional injections of bradykinin. Tumor his- 
tamine forming enzyme activity was highest in those animals 
which were managed by the frequency of injection and dose 
schedules which were found in the tumor growth kinetics study 
to be most effective in limiting tumor growth. These findings 
suggested that the observed anti-inflammatory effects of pro- 
gressive tumor growth may be reversed by locally induced 
inflammation at the tumor site with beneficial effects on tumor 
growth. 


ASOACTIVE SUBSTANCES which act as mediators of 
inflammation (histamine, bradykinin, prostaglan- 

din E,, serotonin, etc.) bear close relationship to one 
another. They may release and be released by one 
another?-/0-11,19.27 and may potentiate the actions of one 
another.? 4283132 These substances, from their actions 
as local hormones and as potent neurovascular regula- 
tors, are uniquely equipped to influence the anatomi- 
cally diffusely dispersed segments of the immune sys- 
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tem and to coordinate these activities with target area 
requirements. 

A marked increase in allograft levels of histidine de- 
carboxylase (HDC) the histamine forming enzyme, has 
been found following both skin”? and renal?” allografting 
in the rat. This increase in HDC activity was not found 
following autografting or isografting. The peak eleva- 
tion in allograft HDC activity (29-fold with renal allo- 
grafting) occurred approximately ten days postgtafting. 
A peak eight-fold, four day elevation in splenic HDC 
enzyme activity was found following renal allografting.^ 

An increase in the urinary excretion of histamine has 
been found to occur after skin, kidney and heart allo- 
grafting in rats, dogs and man.!9:1775252? Both chem- 
ical inhibition of HDC enzyme and antihistamine activ- 
ity have been found by us to prolong the survival of 
skin allografts in rats!?:14?* and renal allografts in dogs 
and man.!539 

Elevated levels of kallikrein.(bradykinin forming en- 
zyme) and prostaglandin E activity also have been en- 
countered after kidney and heart allografting in rats.5:91821 

The purpose of this report is to describe the marked 
and progressive decrease in tumor levels of HDC en- 
zyme activity found to be associated with progressive 
growth from small to large size of transplanted and 
untreated SV-40 virus induced non-metastasizing fibro- 
sarcomas in hamsters and to compare these findings 
with those of bradykinin injected tumors. 


Material and Methods 


Inbred male LSH Lakeview colony Syrian hamsters 
were used. The tumor employed was a well-character- 
ized syngeneic SV-40 virus induced and non-metastasiz- 
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ing fibrosarcoma (obtained from S. Tevethia of Tufts 
University). Tumor cells were grown in Eagle's MEM 
(EMEM) culture medium with 10% fetal bovine serum 
(FBS) in a Wedco incubator. Prior to use for inocula- 
tion, the cells were dissociated in 0.2596 trypsin and 
centrifuged at 200 x gin EMEM-FCS for ten minutes. 

Following this, they were washed in Hank's balanced 
salt solution (HBSS) and resuspended in HBSS at con- 
centrations of I x 105 or 1 x 109 cells per 0.5 ml (by 
hemocytometer count). 

Two studies were cárried out relating to tumor con- 
centrations of the histamine forming enzyme, histidine 
decarboxylase (HDC). One involved a correlation of 
tumor HDC activity with tumor size, intervals since 
tumor cell inoculation and tumor growth rates. In this 
study, 1 x .109 tumor cells were inoculated at one site 
over.tlie pelvic girdle in 137 animals. The inoculation 
site was inspected daily for the appearance ofa palpable 
and measurabletumor. Tumors developed in 55% of thé 
animals. Palpable tumors generally developed between 
two and two and orie-half weeks after tumor cell in- 
oculation. Tumor diameters were measured daily with 
a flat-edged sliding caliper after wetting the fur with 
alcohol. The skin of these animals was quite loose and 
tümor growth was observed to be spherical well past 
the 10 mm in diameter size. Tumor volume calculations 
were based on the observed spherical sizés of these 
tumors. Fifteen animals which developed tumors were 
selected at random for study at sacrifice when the tumors 
had reached varying sizes. The tumors were removed, 
weighed and quick frozen in liquid nitrogen for later 
assay for HDC activity. 

The second study involved an evaluation of the ef- 
fects of repeated intralesional injectioris of bradykinin 
on tumor HDC activity in animals with tumors of com- 
parable growth rate. Tumor HDC activity was correlated 
with dose arid frequency of injections of bradykinin 
(obtained from the Sigma Chemical Co., St. Louis, 
Mo:) and with the effects of bradykinin injections on 
tumor. HDC activity as compared with the HDC activity 
of control animals (saline injected and noninjected) which 
were studied at the same period after the tumors had 
reached 10 millimeters in diameter. In this study, 1 x 10° 
tumor cells were inoculated at two locations, over the 
rump and between the shoulder blades in 82 animals. 
Fifty-four per cent of the animals developed one tumor 
and 46% developed two tumors. Tumor diameters were 
measured as above. The tumors of the animals em- 
poyed in this study had achieved diameters of 10 mm 
between 28—32 days after the inoculation of tumor 
cells. Fifty-one per cent of the tumors which developed 
had comparable growth kinetics up to the tumor size 
of 10 mm in diameter. Repeated intratumor injections 
of bradykinin and saline (control) in equal volumes 
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were initiated when the tumors had reached 10 mm in 
diameter. The sandard injection schedule was one 
increasing intervals between injections (daily <4, every 
two days X2, every three days x1 and every four days 
X1). Two doses of bradykinin were used. 50 ug and 
250 ug. Five bradykinin injected animals and two con- 
trol animals were sacrificed for study betweeri five and 
14 days after the tumors had reached 10 mm in diameter 
and after the initiation of injections in animals which 
received injections. The majority of animals were kept 
alive beyond the 14 day period for tumor growth kinetics 
studies. 

HDC enzyme activity of tumors was assayed by the 
"C radioisotopic method of Schayer.?? This method 
involved the incubation of “C histidine and pyridoxal- 
5-phosphate with a known weight of tissue for a three 
hour period at 37° in a Dubnoff métabolic incubator. 
The ^C histamine produced was converted to benzene 
sulfonyl histamine (BSH). The BSH was purified by 
repeated recrystallizations over a period of five days. 
The HDC activity, corrected for tissue blank, back- 
ground activity and recovery of BSH, was calculated 
and expressed as disintegrations per minute (dpm) per 
100mg BSH per gram of tissue or dpm/gm tissue. Statis- 
tical significance was determined by the Student's t test. 


Results 


When the effects of progressive tumor growth on the 
tumor levels of the histamine forming enzyme, histidine 
decarboxylase (HDC) of the 15 animals studied were 
evaluated with respect to tumor size, a marked and pro- 
gressive decrease in tumor HDC activity was found 
with progressive tumor growth. The mean tumor HDC 
activity of three very small tumors measuring 0—1 mm 
in diameter was 48,702 + 15,685 dmp/g. It fell sharply 
to 10,595 + 2,177, 7, 076 + 2,272, 3,125 + 1,374 .and 
781 + 353 dbm/g as the tumors grew to two, seven, 
8—9 and over 12 mm in diameter (Fig. 1). The mean 
HDC activity of the 0—1 mm tumors was significantly 
higher thari that of two and 7 mm tumors (p < .05) and of 
8—9 and 12—30 mm tumors (p < .025). The significance 
of the difference between the mean HDC activity of 2 
mm tumors and the 12-30 mm tumors was greater 
(p « .005) than that found for 0—1 mm tümors as corri- 
pared with 12—30 mm tuinors despite the much higher 
mean HDC activity level of the 0—1 mm tumors. The 
greater spread in HDC activity levels within the 0—1 
mm counted for this difference in significance. In an 
effort to evaluate other factors which might influencé 
tumor HDC activity, in addition to tumor size, tumor 
HDC activities of individual tumors were studied with 
respect to the intervàl in weeks from the time of tumor 
cell inoculation to the time of animal sacrifice and tumor 
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Fic. 1. Bar graph showing 
effects of progressive in- 
creases in tumor size on the 
activity of the histamine 
forming enzyme, histidine 
decarboxylase (HDC) 07 
tumors. Numbers of ani- 
mals studied are indicated 
at the top of each bar. 
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assay for HDC activity. For the five intervals studied 
two, three, four, five and seven weeks), it was found 
that for each interval that the smallest tumors in the 
interval group had tumor HDC activities of much higher 
levels than the animals with larger tumors (Table 1). 
The findings of these two means of evaluating tumor 
HDC activity suggested that both the duration of ex- 
posure to inoculated tumor cells and the size of the 


"^ TABLE 1. Influence of Tumor Size on Tumor Histidine Decarboxylase 


Enzyme Activity with Respect to Interval of Exposure 
of Animals to Inoculated Tumor Cells 


Interval from Tumor 
Cell Inoculation 
(wks) 


Tumor Histidine 
Decarboxylase 
dpm/gm) 


Tumor Diameter 
(mm) 

2 2 12,772 

12 569 


28,015 
8,418 


2 

8 1,140 
9 2471 
3 512 
79,469 
7 9,448 
7 4,703 
8 5,764 
2 569 


38,621 
18 223 
30 430 


tumor influenced tumor HDC activity in the presence of 
progressive tumor growth. Within all of the intervals 
studied, the animals which were able to maintain their 
tumors at the smallest size were found to have tumors 
with the highest levels of HDC activity. 

These observations suggested the value of studying 
tumor HDC activity with respect to tumor growth rate. 
When the growth’ rate of each of the 15 tumors was 
calculated fram the: volumé of the tumor divided by 
the weeks of growth (interval since tumor cell inocula- 
tion), a unit of tumor growth rate was obtained and 
expressed as the log mm*/wk for each tumor. The vol- 
ume of each tumor was obtained by the formula: vol- 
ume = 0.4 x d?,. where d = diameter in mm (the 
tumors grew in a spherical shape). By plotting the HDC 
enzyme activity in dpm/gm of each tumor versus the 
growth rate (log mm?/wk), a statistically significant nega- 
tive correlation (the slower the growth rate, the greater 
the HDC) was found (p < .005). The coefficient of cor- 
relation (r) for the. 15 tumors analyzed by this méthoc 
was —0.84 (Fig. 2). 

In the second study, which involved animals of com- 
parable tumor growth kinetics, five animals which had 
received repeated intratumor injections of 50 or 250 
pg of bradykinin and two control animals were with- 
drawn from the larger group for sacrifice for study of 
tumor HDC activity. The intervals of withdrawal ranged 
from five to 14 days after the tumors had reached the 
size of 10 mm in diameter. The majority of animals 
were kept alive for tumor growth kinetic studies rela- 
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tive to the effectiveness of the two doses of bradykinin 
in slowing tumor growth in comparison with saline in- 
jection and no injection controls. One animal which 
had received daily intralesional injections of 50 ug of 
bradykinin was sacrificed at five days after the initia- 
tion of injections. This tumor had grown 1.5 mm in 
diameter and had an HDC activity of 155,464 dpm/gm 
(Fig. 3). Another animal which had received 50 ug 
injections was sacrificed at ten days and at a time when 
the interval between injections was three days. This 
tumor had grown 7.0 mm in diameter and had an HDC 
activity of 35,733 dpm/g. Five animals were sacrificed 
14 days after the tumor had reached the size of 10 mm 
in diameter. Three animals were sacrificed 14 days after 
the initiation of bradykinin injections, at a time when 
the interval between injections was four days. Two of 
these animals had received tumor injections of 250 ug 
of bradykinin. Their tumors had grown 7.0 and 11.0 mm 
in diameter and had HDC activities of 15,858 and 18,603 
dpm/gm. The tumor of the animal which had received 
tumor injections of 50 wg of bradykinin had grown 
11.0 mm in diameter and had an HDC activity of 9,955 
dpm/g. The saline injected tumor had grown 20.0 mm 
in diameter and had an HDC activity of 4,309 dpm/g. 
The noninjected tumor had grown 15.0 mm and had an 
HDC activity of 2,680 dpm/g. 

- The mean tumor growth after reaching the 10 mm 
size for tumor of comparable growth kinetics which 
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Fic. 2. Graph showing a statistically significant (p « 0.005) negative 

correlation of tumor growth rates (expressed as log mm?/wk) and 

tumor histidine decarboxylase (HDC) enzyme activity for the 15 

animals studied (the slower the growth rate, the higher the tumor. 
HDC). The coefficient of correlation (r) for the 15 tumors analyzed 

by this method was —0.84. 


Fic. 3. Bar graph showing 
the levels of activity of the 
histamine formirg enzyme, 
histidine decarboxylase 
(HDC) in the tumors of an- 
imals which were managed 
by repeated intralesional in- 
jections of bradykinin or sa- 
line or by no injections. Ani- 
mals with tumors of com- 
parable growth kinetics were 
used. Repeated tumor in- 
jections were initiated when 
the tumors reached 10 mm 
in diameter and were given 
by a standard injection 
schedule (daily x4. q2 days 
xl, q3 days xl and q4 
days x1). These tumors 
were from individual ani- 
mals sampled at random 
from a larger group of ani- 
mals which were kept alive 
for tumor growth kinetics 
studies. Tumor HDC levels 
were highest in those ani- 
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had not received bradykinin injections (saline injections 

no injections) was 4.5 mm at five days, 7.5 mm at ten 
days and 11.5 mm at 14 days. The significance of the 
growth inhibiting effects of the repeated 250 ug intra- 
lesional injections of bradykinin for all animals, including 
those not sacrificed, in comparison with the growth of 
noninjected and saline injected tumors (which did not 
differ) was calculated by the Student's t test to be 
p < .001 at five days, p < .01 at ten days and p < .005 
at 14 days. For repeated 50 ug injections, it was p 
< .0025 at five days and not statistically significant at 
ten and 14 days, although the growth of those tumors 
was somewhat less than that of controls.’ 

The individual tumor levels of HDC activity of brady- 
kinin injected tumors reflected the findings of the tumor 
growth kinetics studies which showed statistically sig- 
nificantly greater tumor growth inhibition when the in- 
jections of bradykinin were more frequent and when the 
doses were higher. Individual tumor HDC activities 
were higher when the injections of bradykinin were 
more frequent and when the doses were higher. 

Furthermore, it may be of interest to note that all 
of the bradykinin injected tumors were 11.5 mm or more 
at the time of study for HDC activity. The mean tumor 
HDC activity of the five tumors in the first study which 
were in the over 12 mm in diameter range (three meas- 
ured 12 or 13 mm in diameter) was 781 + 353. The 
HDC activities of all of the bradykinin injected tumors 
were substantially above these levels. The incidence of 
tumor development after tumor cell injections in the 
first and second studies was comparable (55% versus 
5496) and the rates of tumor growth were similar. 


Discussion 


The mounting of an effective cellular immune re- 
sponse at a target area involves the escape of antigen and 
the access of cells. It also involves the mobilization, 
processing and delivery of essential cellular and non- 


cellular components of the immune response to the . 


target area and their transport through the vascular 


endothelium to the sites of immunological assault. These | 


processes require communications and interactions be- 
tween target areas and the diffusely scattered segments 
and centers of the lymphoid system. 

The studies of McGregor and Logie” with the ‘‘hom- 
ing” characteristics on transfer of isotope labelled syn- 
geneic ''immunoblasts'' to inflammatory foci led them 
to conclude that the ‘‘homing’’ was determined by a 
general property of the cells rather than by their im- 
munological commitment and that the tissue disposi- 
tion of sensitized lymphocytes in the body was de- 
termined by a complementary relationship between blood 
immunoblasts and the vascular endotheltum of inflamed 
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tissue. More recent studies of Hall, Hopkins and Orians? 
also suggest that the ‘‘thoming’’ of immunoblasts is 
not primarily “‘antigen-driven.”’ 

The findings of the study reported here provide ad- 
ditional evidence of an anti-inflammatory effect of pro- 
gressive malignant tumor growth as reflected in a marked 
and progressive reduction in the histamine forming 
enzyme activity of these tumors in association with 
progressive tumor growth. The extent of reduction in 
tumor histamine forming enzyme activity was found to 
be influenced significantly by tumor size and the rate of 
tumor growth. The highest levels of histamine forming 
enzyme activity in tumors was found in the tumors of 
animals which had been exposed to inoculated tumor 
cells for the longest periods of time and had still kept 
their tumors at relatively small sizes. The elevated levels 
of histamine formation in these tumors may have con- 
tributed to limiting the speed of their growth. 

In the second part of this study, repeated intratumor 
injections of bradykinin were found to elevate markedly 
the levels of tumor histamine forming enzyme activity 
in comparison with the levels which might have been 
expected for tumors of this size as observed in the 
first part of this study. These studies were carried out 
on a small number of individual animals which were 
sampled from a larger group of animals which were kept 
alive for tumor growth kinetics studies.’ In these in- 
dividual animals, the observed effects on tumor his- 
tamine forming enzyme activity reflected the tumor 
growth inhibition effects of the frequency and doses of 
bradykinin. Tumor histamine forming enzyme activity 
was highest in animals which received more frequent 
injections and higher doses of bradykinin. It was in 
these groups of animals that significantly greater tumor 
growth inhibition was found in the tumor growth kinetics 
study.’ 

In addition to its effects on the levels of histamine 
formation and release in injected tumors, bradykinin 
also may have had an influence in vivo on the levels 
of sensitized lymphoid cell antitumor cell cytolytic ac- 
tivity. In a recent study, daily intratumor injections 
of 250 ug of bradykinin for 21 days halted tumor growth.® 
Splenic lymphoid cells from these animals, in the pres- 
ence of in vitro added bradykinin, were found to 
have significantly enhanced antitumor cell cytolytic ac- 
tivity by the *!Cr release assay (p < .005).5 
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designed for easy use and patient 
comfort. 
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In the special world of skin closure there 
is now only one disposable instrument 
of its kind—the all new PROXIMATE skin 
stapler. 


Your ETHICON Sales Representative will 
be happy to demonstrate one for you. 
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Some Properties Shared by Amino Acids 


and Entero-oxyntin 


ELPIDIO C. MARIANO, M.D., ANDREW BELONI, B.S.E., JOHN H. LANDOR, M.D. 


The intestinal phase of gastric secretion has been thought 
to be due to the release of a hormone from the gut 
mucosa, and several properties have been attributed to this 
as-yet unidentified hormone. An amino acid solution, known 
to stimulate gastric secretion, was tested to see if it possesses 
several of these properties, i.e., inactivation by the liver, and 
the ability to augment the maximum responses to penta- 
gastrin and histamine. In six dogs with Heidenhain pouches 
the gastric secretory responses to peripheral and portal 
intravenous administration of a solution of mixed L-amino 
acids were measured. The mean peak response of three such 
separate peripheral infusions in each dog was 370 &Eq/30 
minutes while the peak response to intraportal infusion was 
_ only 45 &Eq/30 minutes (p < .05). In three dogs with Heiden- 
hain pouches the intravenous administration of amino acids 
together with pentagastrin resulted in significant augmenta- 
tion of the peak response to pentagastrin alone (p — .025). 
Similarly, administration of amino acids with histamine re- 
sulted in augmentation of the peak response to histamine 
alone (p — .05). Because amino acids mimic the actions of the 
‘intestinal phase hormone"' in these respects it is suggested 
that they may account, at least in part, for the intestinal phase 
of gastric secretion. In addition, amino acids absorbed during 
protein digestion may contribute to the gastric hypersecretion 


which is regularly seen with portosystemic shunts. 

T HAS LONG BEEN KNOWN that the passage of food 
I substances through the gut evokes a gastric secre- 
tory response. Gregory and Ivy? showed that this 
stimulus is humoral when they demonstrated secre- 
tion from a totally denervated, transplanted gastric 
pouch after administration of an intestinal meal, and 
Sircus!* proved the existence of a gastric stimulatory 
hormone in the intestine when he found that mechani- 
cal distension of an intestinal segment brought about 
secretion from a denervated pouch. It has been 
assumed that "'intestinal phase” secretion is brought 
about entirely by release of this hormone, now called 
Entero-oxyntin"® to indicate its intestinal origin and its 
ability to stimulate oxyntic cells. 


Although entero-oxyntin has not been isolated and 
characterized as yet, some physiological properties 
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have been attributed to it. To begin with, the well- 
known phenomenon of gastric hypersecretion after 
portacaval shunts**^'* has been thought by many to 
be caused by the failure of hepatic degradation or 
inactivation of the intestinal phase hormone when 
portal blood bypasses the liver. This theory has 
been given added impetus by a series of experiments 
reported by Orloff and his colleagues in which it was 
shown that the gastric secretory response to intestinal 
distension, as well as that to an intestinal meal, is 
markedly increased by portacaval shunt,'? and that a 
substance can be extracted from hog intestinal mucosa 
which stimulates gastric secretion and is substantially 
inactivated by passage through the liver.'? Furthermore, 
others have shown that an intestinal meal of liver 
extract,’ or of liver and bone dust,” augments the 
maximal gastric secretory response to pentagastrin 
or histamine and, since neither gastrin nor any other 
gastrointestinal hormone has these distinctive char- 
acteristics, it has been suggested that the intestinal 
phase is due to release of a hormone which is unique. 

Although experiments in which mechanical disten- 
sion has been used as a stimulus have demonstrated 
unequivocally that an intestinal hormone exists, 
experiments using food substances have failed to 
differentiate between the effects of a hormone and 
those that might result from the possible stimulatory 
effect of the absorbed products of digestion. In a 
previous experiment we found that a solution of 
mixed L-amino acids given intravenously stimulates 
gastric secretion from canine Heidenhain pouches. 
Because the secretory response to intravenous amino 
acids was similar in magnitude to that elicited by 
intrajejunal administration of an identical solution, it 
was felt that at least part ofthe intestinal phase of secre- 
tion might be due to the absorption of amino acids 
into the blood. The present experiment was under- 
taken to determine if amino acids possess some of 
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Fic. 1. (A) Silicone rubber catheter which was implanted and used 
for intraportal infusions. (B) Photograph of external portion of im- 
planted catheter during infusion. 


the properties which have been attributed to entero- 
oxyntin, i.e., diminished gastric secretory activity 
when administered intraportally as compared to 
systemically, and the ability to augment the maximal 
responses to pentagastrin and histamine. 


Materials and Methods 


A Heidenhain pouch was constructed in each of 
nine female mongrel dogs and a stainless steel cannula, 
placed in the pouch, was brought out through the 
abdominal wall. A similar cannula was placed in the 
body of the stomach just proximal to the corpus- 
antrum junction to serve as a gastrostomy. Six of 
these dogs were prepared for portal infusions by 
implantation of a silicone rubber catheter which was 
bonded with heparin and attached to a double flange 
of silicone rubber (Fig. 1A). The deeper of the two 
flanges was placed in the subcutaneous tissue of the 
back and the catheter was led through the paraverte- 
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bral muscles to the abdomen, where the tip of the 
catheter was secured in a mesenteric branch of the 
portal venous system. Intravenous tubing could then 
be attached to the implanted apparatus for intra- 
portal infusion as shown in Figure 1B. The catheters 
were flushed every two or three days with a small 
amount of heparinized saline and patency of each 
catheter was verified at the end of the experimental 
period by fluoroscopic visualization of the portal vein 
and its intrahepatic branches after infusion of a ra- 
diopaque dye through the catheter. 

A recovery period of at least three weeks was al- 
lowed before secretory tests were begun. Food, but 
not water, was withheld for 22 hours before each test. 
Experiments were carried out in random order and 
were repeated at no less than 48 hour intervals. The 
dogs were placed in modified Pavlov stands and intra- 
venous infusions of physiologic saline were begun 
through plastic catheters placed in superficial leg veins. 
Stomachs were irrigated with normal saline, after 
which secretory tests were done with the gastrostomy 
cannulae open so as to divert acid from the antrum 
and duodenum. Secretions were collected from the 
Heidenhain pouches every 30 minutes. After 90 min- 
utes of basal collection, test infusions were carried 
out for two hours and postinfusion secretory collec- 
tions were continued for an additional 90 minutes. Vol- 
ume of each gastric juice specimen was measured and 
H* ion concentration was determined by titration with 
0.1N NaOH to the phenol red end point; HCI content 
was calculated and expressed in microequivalents. 


A. Intraportal and Systemic Infusions of Amino Acids 


In each of the six dogs with mesenteric venous cathe- 
ters, infusion of a 5% solution of mixed L-amino acids* 
was carried out on three occasions in the portal system 
and on three occasions in a subcutaneous vein of one 
of the extremities. The two hour infusion was delivered 
at a constant rate of 2 ml per minute by means of a 
peristaltic pump. In two of the dogs blood samples 
were drawn for plasma amino nitrogen determinations 
before the infusions, at 30 minute intervals during the 
infusions, and at 30 and 60 minutes after cessation 
of the infusions. After centrifugation, plasma was 
frozen and stored at —20° for subsequent amino nitro- 
gen determinations by the method of Goodwin." 


B. Infusions of Amino Acids with Pentagastrin or 
Histamine 


Three dogs were used for these studies. Doses of 
pentagastrin (8 ug/kg/hr) and histamine dihydrochlo- 
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ride (80 ug/kg/hr) which had previously been deter- 
mined to elicit a maximal response were used. An 8.5% 
solution of amino acids was administered at two dif- 
ferent rates, 40 ml per hour or 70 ml per hour. Three 
studies were carried out with each substance alone 
and three each with combined infusions of amino acids 
with pentagastrin and with histamine. 

Analysis of data. The mean of the two highest con- 
secutive 30 minute secretory responses during each 
infusion was taken as the peak response and, in part 
A, the mean of these peak responses for each method 
of administration was calculated. In part B, the peak 
response to each agent, or combination of agents, was 
expressed as a percent ofthat dog's own peak histamine 
response, and mean responses were calculated on the 
basis of these percentages. The significance of differ- 
ences was assessed by using Student's t-test for paired 
values; p values of less than 0.05 were considered sig- 
nificant. 


Results 


(A) The secretory responses to portal and systemic 
administration of amino acids are illustrated in Figure 
2. Intravenous infusion into a peripheral vein resulted 
in an immediate increase in gastric secretion and a 
more-or-less continuous rise in secretory rate through- 
out the period of infusion, with a rapid fall in secre- 
tory rate thereafter. In marked contrast there was little 
response to intraportal infusion of amino acids. The 
peak secretion during peripheral infusion was 370 nEq/ 
30 minutes while that during portal infusion was only 
45 wEq/30 minutes, a difference which is significant 
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Fic. 2. Mean HCI output in wEq per 30 minutes from six Heidenhain 
pouches in response to three portal and three systemic infusions 
of a 5% solution of mixed L-amino acids; vertical lines represent 
|] SEM. 
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Fic. 3. Mean plasma levels of amino nitrogen (mg.%) in two dogs 
before, during and after three portal and three systemic infusions 
of a 5% solution of mixed L-amino acids. 


(p « .05). The secretory rate during peripheral infusion 
was significantly greater than that during the last 30 
minutes of the basal period (p < .025), while that dur- 
ing portal infusion was not different from basal (p 
=>: 05). 

Plasma amino nitrogen levels are depicted in Figure 
3. From a basal level of approximately 4 mg% amino 
nitrogen rose to 6.3 mg% after 30 minutes of systemic 
infusion of amino acids and to 5.2 mg% after 30 min- 
utes of intraportal infusion, and remained elevated 
throughout the two hour period. Plasma levels of amino 
nitrogen were significantly higher during peripheral in- 
fusion than they were during intraportal infusion at 
30 minutes (p < .025), 60 minutes (p < .025) and 90 
minutes (p < .05) after start of infusion. 

(B) The mean peak outputs of acid during histamine 
infusion were 2088, 2116, and 4838 wEq/30 minutes for 
each of the three dogs, and all secretory data are given 
in terms of percent of these responses. The mean re- 
sponse to intravenous infusion of amino acids alone 
was 3% when the solution was given at a rate of 40 
ml/hr and 10.5% when the solution was given at 
70 ml/hr. 

In Figure 4 can be seen the secretory curves for 
amino acids alone (40 ml/hr), pentagastrin alone, and 
the two agents combined. Although amino acids alone 
produced a barely detectable secretory response, when 
given together with pentagastrin they produced a sig- 
nificant augmentation of the response to pentagastrin 
alone. Peak secretion during pentagastrin was 48% 
while that during simultaneous administration of amino 
acids and pentagastrin was 69% (p < .025). Since aug- 
mentation occurred with the lower dose of amino acids, 
experiments using the higher dose were not under- 
taken. 
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Fic. 4. Mean HCI output of three Heidenhain pouches in response 
to intravenous amino acids (AA, 8.5% solution given at 40 ml per 
hour), pentagastrin (8 ug/kg/hr) and the two stimuli given together; 
30 minute HCI outputs are given as % maximal histamine response 
and vertical lines represent 1 SEM. 


Intravenous amino acids, given at 40 ml/hr, did not 
significantly increase the peak response to histamine. 
At 70 ml/hr, however, the peak response to the two 
agents given simultaneously was 13246 of that to his- 
tamine alone (Fig. 5). The difference between the two 
responses is significant (p — .05). 


Discussion 


Infusion of amino acids into a peripheral vein stim- 
ulates gastric secretion to a much greater extent than 
does infusion of the same solution into the portal sys- 
tem. In fact, only a modest increase in mean secretion 
was observed after portal infusion with the dose used in 
these experiments and this increase failed to achieve 
significance. The difference in response elicited after 
the two modes of administration is probably accounted 
for by the fact that plasma amino nitrogen rose to a 
higher level during peripheral infusion than it did during 
portal infusion, an observation which is consistent with 
previous reports that amino acids are rapidly taken 
up by the liver.'*^'* Whatever the mechanism, it is 
clear that amino acids behave in a way similar to that 
of the intestinal phase hormone inasmuch as they act 
as gastric agonists whose effectiveness is diminished 
by passage through the liver. 

In view of the markedly greater secretory response 
seen after peripheral administration of amino acids, 
as compared to that after portal administration, it seems 
likely that absorbed amino acids are partially, if not 
wholly, responsible for the postprandial gastric hyper- 
secretion which follows the creation of portosystemic 
shunts. If this be true it would provide a simple and 
straightforward explanation for the finding of Silen and 
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Eiseman" that meals of pure protein derivation produce 
hypersecretion after portacaval transposition while 
those of pure carbohydrate or fat do not. Although 
these authors reported that an amino acid solution did 
not stimulate gastric secretion when given intrave- 
nously, the discrepancy between their results and ours 
can probably be explained by the fact that they were 
using a protein hydrolysate whose composition was 
quite different from that of the crystalline L-amino acid 
mixture used in our experiment. In fact, we have con- 
firmed their results by finding that the protein hydro- 
lysate used by them did not produce a gastric secre- 
tory response when given to two dogs who did secrete 
in response to the crystalline amino acid solution. 
Previous reports that an intestinal meal augments the 
maximum response to histamine or pentagastrin were 
thought to provide evidence for the existence of an 
intestinal phase hormone which is unique, since neither 
of the two known gastrointestinal hormones which act 
as gastric agonists, i.e. gastrin and cholecystokinin, 
possess this property.*”° It is therefore of interest to 
find that the solution of amino acids used in this ex- 
periment not only augments the maximal responses to 
histamine and pentagastrin but does so to almost pre- 
cisely the same extent as the intestinal meal of liver 
extract used by Debas, Slaff and Grossman.’ Here 
again we find the amino acid solution behaving in a 
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Fic. 5. Mean HCI output of three Heidenhain pouches in response 
to intravenous amino acids (AA, 8.5% solution given at 70 ml per 
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fashion similar to that of the presumed hormone, en- 
tero—oxyntin, suggesting that amino acids may partici- 
pate in the intestinal phase of secretion independent 
of the intermediary action of a stimulatory hormone. 
That amino acids can stimulate gastric secretion by a 
direct effect on the parietal cell has been shown pre- 
viously in our laboratory when it was found that de- 
nervated gastric mucosa secretes HCI in response to 
amino acids even when endogenous hormone release 
is prevented by the prior removal of the sites of origin 
of the known gastrointestinal hormones. '4 

It is tempting to conclude from the above data that 
all, or at least a major part, of the intestinal phase of 
secretion can be accounted for by the direct action of 
absorbed amino acids with little or no participation from 
an intestinal hormone. Although this is certainly a pos- 
sibility, such a conclusion would be premature and, 
at this time, unwarranted. In view of the fact that intra- 
portal amino acids are taken up to a considerable ex- 
tent by the liver, our previous observation that intra- 
jejunal amino acids stimulate gastric secretion as ef- 
fectively as intravenous amino acids can probably best 
be explained by assuming that a substantial contribu- 
tion to intestinal phase gastric secretion is made by a 
hormone arising from the intestine. The relative impor- 
tance of amino acids and this as-yet-to-be isolated hor- 
mone in evoking the intestinal phase of gastric secre- 
tion remains to be clarified, as does the question of 
whether the actions of amino acids are the same in 
man as they are in the dog. In at least one respect 
they appear to behave similarly, for Isenberg and Max- 
well!! have reported that, in a group of normal volun- 
teers and duodenal ulcer patients, the amount of HCI 
secreted in response to the intravenous administration 
of amino acids was nearly identical to that secreted 
when the same solution was given into the gut. 
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The Thyroid Graft: 


Influence of Histocompatibility and Transplant Site on Survival 


LEONARD J. PERLOFF, M.D., ROBERT D. UTIGER, M.D., ABASS ALAVI, M.D., CLYDE F. BARKER, M.D. 


Suggestions that endocrine tissue is privileged, in that it may 
not be as severely damaged by the allograft reaction, provided 
the stimulus for an evaluation of thyroid transplantation across 
various histocompatibility barriers and into a number of dif- 
ferent recipient sites. Results of allografting reveal that Ag-B 
compatibility allows for prolonged survival of thyroid tissue 
(much longer than skin in the same histocompatibility combina- 
tions) in the following sites: intramuscular, intradermal, renal 
subcapsular, and anterior chamber. Only the intrasplenic site, 
however, did not allow survival of even weakly incompatible 
grafts. In addition, all recipients of thyroid allografts rejected 
subsequent donor strain skin grafts in an accelerated manner, 
attesting to the normal antigenicity of thyroid. This finding, 
that thyroid is a *'relatively privileged" tissue, has not been 
reported previously and is encouraging, since it suggests the 
potential success of clinical transplantation of other endocrine 
tissue less easily replaced than thyroid by administration of 
naturally occurring of synthetic analogues. Further, mild im- 
munosuppression may serve to prolong survivals of allografts 
of endocrine tissue such as parathyroid or pancreatic islets, 
especially if an immunologically privileged site is employed. 


NDOCRINE DEFICIENCY STATES are usually re- 
E versible in two ways: 1) by administration of the 
lacking hormonal agents, as in the case of adrenocorti- 
cal, ovarian, and thyroid hypofunction; or 2) by pro- 
viding the metabolic products of the hormone's action, 
as in hypoparathyroidism. Nevertheless, the finely 
tuned autoregulatory mechanisms which control the 
levels and timing of normal hormonal function require 
the presence of the intact endocrine gland. The con- 
sequences of imperfect endocrine replacement are 
striking in the case of diabetes mellitus, in which exo- 
genous insulin curtails overt symptoms of the disease 
but allows progression of the microangiopathic 
changes. This is the case probably because only rela- 
tively physiological blood glucose levels are achieved. 
In experimental animals, however, the vascular lesions 
of diabetes can be reversed by transplantation of nor- 
mally functioning pancreatic islets.'*? 

An attractive aspect of endocrine transplantation for 
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the transplant biologist and for the surgeon is the sug- 
gestion by Billingham and Parkes,? and Russell and 
Gittes," that some endocrine tissues may be immuno- 
logically privileged, either being less likely to provoke 
or better able to withstand the ravages of the allograft 
rejection. 

The following experiment was undertaken to deter- 
mine whether thyroid tissue has normal antigenicity 
and vulnerability to rejection, and also to determine 
whether various sites, some previously established as 
immunologically privileged, others possibly so, will 
protect this tissue when transplanted across various 
histocompatibility barriers. 


Materials and Methods 


Inbred strains of female rats obtained from Micro- 
biological Associates, Walkersville, Maryland, were 
used for all experiments. The strains involved were 
Lewis (L)-(Ag-B!), Fischer (F)-(Ag-B!), and Brown- 
Norway (BN)-(Ag-B?). 


Thyroidectomy 


Under light ether anesthesia, total thyroidectomy 
was performed on prospective recipients of thyroid 
grafts. Both lobes and the isthmus of the thyroid gland 
were removed after ligation of the superior and inferior 
thyroid arteries bilaterally. No attempt to preserve 
parathyroid tissue was made, because it has been 
shown that parathyroidectomized rats remain normo- 
calcemic on normal rat chow.'? Blood was drawn from 
the tail vein preoperatively and at weekly intervals 
postoperatively for serum levels of thyroxine (T,) and 
thyrotropin (TSH) determinations. The weights of the 
rats were also recorded weekly. 
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Thyroid Transplantation 


The thyroid lobes were divided into ten fragments 
measuring approximately 0.5 mm in diameter and 
placed in cold Hank’s solution until transplantation. 
Within 30 minutes, all ten fragments, the equivalent 
of one lobe, were used for each recipient in all trans- 
plantation panels which included the following. 

Intramuscular (1.M.). A pocket was created between 
muscle bundles in the hamstring group and the thyroid 
fragments were placed within it attempting to separate 
the fragments as much as possible. For optimal vas- 
cularization of each, the fascia was closed over the 
pocket with a nonabsorbable marking suture. 

Intrasplenic (1.5.). After advancing a trochar from 
the inferior to the superior pole of the spleen, thyroid 
fragments were placed within the splenic parenchyma 
while slowly withdrawing the trochar. Minimal bleed- 
ing was encountered and hemostasis was obtained ei- 
ther by direct pressure or by application of a micro- 
fibrillar collagen preparation (Avitene. Avicon, Inc., 
Forth Worth, Texas) to the capsular opening. 

Anterior chamber (A.C.). Thyroid fragments were 
placed in the anterior chamber of the eye through a 
beveled lateral corneal incision. No bleeding was en- 
countered and aqueous humor leak was controlled by 
one minute of direct pressure. Within 15 minutes the 
anterior chamber had reformed and no sutures were 
required to close the corneal opening. 

Renal capsule (R.C.). The left kidney was delivered 
through a flank incision and the capsule was incised 
on the anterior surface. Thyroid fragments were posi- 
tioned under the capsule along the lateral renal border 
and the capsule was replaced. The wound was closed 
anatomically after return of the kidney to its normal 
position. 

Intradermal (1.D.). A Goulian dermatome was used 
to cut a small pocket in the dermis of the recipient. 
The thyroid fragments were placed into this pocket 
which was then closed without sutures and dressed 
with a petroleum jelly gauge dressing. 

Skin Grafting. Recipients of thyroid allografts were 
challenged with donor skin grafts at various intervals 
greater than one month following thyroid grafting, and 
before removal of the thyroid graft in the case of some 
of the I. M. grafts. The method of Billingham was used 
for applying the grafts and evaluating them for rejec- 
tion.* 

Thyroxine (T4) Assay. Plasma T4 concentrations 
were measured before and after thyroid transplantation 
by radioimmunoassay as described by Chopra? using 
acommercial anti- T4 serum. (Endocrine Sciences, Tar- 
zana, Ca.). Assay sensitivity was 0.8 mg%. 

TSH Assay. Rat serum TSH concentrations were 


THYROID GRAFT 


187 


measured by radioimmunoassay using the rat TSH as- 
say kit, kindly supplied by The Rat Pituitary Hormone 
Distribution Program of the National Institute of Ar- 
thritis, Metabolism, and Digestive Diseases. Separa- 
tion of the free and antibody-bound I'? TSH was done 
with the double antibody method. Assay sensitivity 
was 10-15 ng rat TSH-RP-1 and the results are ex- 
pressed in nanograms of this standard. 

Total Body Uptake of 1-131. Total body uptake of 
the 1-131 was measured using the standard thyroid up- 
take technique. A standard solution of 1-131 was pre- 
pared with a final concentration of approximately 100 
mCi/15 ml. For each uptake measurement, 0.45 ml of 
this solution was injected intraperitoneally. A sodium 
iodide scintillation detector (two inches in diameter) 
with a conical collimator was used. The diameter of 
the area viewed with this detector at a distance of 
30 cm from the crystal surface was 14-16 cm. Both 
the whole body of the animal and the standard were 
counted at this distance from the crystal for a period 
of two minutes. The total radioactivity was counted 
only at 24 hours and 0.45 ml of the standard was 
counted immediately afterward. The background 
counts were subtracted both from the total body and 
the standard counts. The net counts were used to cal- 
culate the per cent remaining activity in the body as 
follows. Total body counts multiplied by 100 divided 
by standard counts. In the case of anterior chamber, 
intrasplenic, and renal capsular grafts, the total body 
counts were measured before and after enucleation, 
splenectomy, and nephrectomy, respectively. 


Results 
Thyroidectomy 


The athyreotic state was marked by T4 levels « 0.8 
“2%, TSH levels > 1000 ng/ml, and failure of the ani- 
mal to gain weight during the period of observation. 


Survival Rates of Thyroid Grafts Across Various 
Histocompatibility Barriers (Table 1) 


Isografts. All isografts survived until removal for 
histology regardless of the transplant site. Functional 
integrity was marked by return of the T4 level to the 
normal range 2—5 ug% and TSH to «800 ng/ml within 
seven to ten days and a weight gain averaging 3—6 
gms/wk. 

Allografts (weak histoincompatibility: F -> L, L 
—> F). Intradermal (Fig. la). Thyroid grafts transplanted 
intradermally across a weak histocompatibility barrier 
resulted in restoration of normal T4 levels but subse- 
quently showed evidence compatible with allograft re- 
jection as T4 decreased to baseline levels. Median sur- 
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TaBLE 1. Survival Times of Thyroid Grafts in Weeks 


Strain Combination 
Weeks (Number Animals) 


Site Isografts F-L F — BN 
Renal subcapsule 12 (9) I2* €12) I+ (3) 
Anterior chamber 20 (4) 12* (13) 1+ (5) 
Intramuscular 20 (12) 40* (13) t (4) 
Intradermal ` 12 (7) 6.17 (5) ir (5) 
Intrasplenic 30 (11) 1* (13) =n 





* Functioning graft excised for histology. 
+ Rejection. 
© ) Number of animals. 


vival time prior to the functional endpoint in six animals 
was 6.1 + 0.64 weeks with a range of 2-9 weeks. 

Renal Subcapsular (Fig. 1b). Nine of nine subcapsular 
allografts in weakly incompatible recipients survived 
with minimal decline in functional activity until re- 
moval for histologic evaluation at 12 weeks. 

Anterior Chambers (Fig. 1c). All 13 anterior chamber 
allografts functioned normally for the entire observa- 
tion period in the weak histocompatibility panel and 
were removed at 12 weeks for histology. 

Intrasplenic (Fig. 1d). No intrasplenic allografts ap- 
peared ever to function, even transiently, in any of 
eleven recipients. If rejection was the explanation for 
this, it apparently occurred prior to the five days usu- 
ally necessary for isologous grafts to achieve detecta- 
ble levels of function, as evidenced by T4 assays. 

Intramuscular (Fig. le). All 13 recipients of intramus- 
cular allografts showed functional activity for at least 
40 weeks in the weakly incompatible recipients. Donor 
strain skin grafts placed on five of these animals after 
40 weeks precipitated rejection of the thyroid during 
the same interval in which the skin underwent an ac- 
celerated rejection with a median survival time of 8.2 
+ 0.1 days. 

Allografts (Strong Histoincompatibility (F —^ BN). No 
allografts across a strong histocompatibility barrier re- 
vealed any evidence of functional survival at any time 
regardless of the transplant site (Figs. la—e). 

Histologic Evaluation (Figs 2—4). All functioning iso- 
grafts showed normal follicular structure and colloid 
formation. Microscopic study of all except the intra- 
splenic allografts showed evidence of mild to moderate 
rejection with follicular attenuation and a mild inflam- 
matory reaction in the weakly incompatible recipients 
and more striking inflammatory response in strongly 
incompatible rats. The weakly incompatible intra- 
splenic allografts and all of those transplanted across 
a strong AgB incompatibility into any site were acutely 
rejected within one week and, in most cases, thyroid 
tissue was not evident on histologic evaluation beyond 
two weeks. 
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TSH Levels. Despite good correlation of TSH levels 
with function in the isograft recipients, returning to 
the prethyroidectomy values within one week, the situ- 
ation with the allografts was considerably more varia- 
ble, with no clear relationship between functional ac- 
tivity based on T4 determination and weight gain and 
that based on TSH levels. 

1-131 Uptake. Radioiodine uptake confirmed the 
presence of the endocrine function in isografts placed 
in the intrasplenic and renal subcapsular position taking 
up 15-2096 of the administered dose in 24 hours. The 
scanning technique did not appear to have enough reso- 
lution to demonstrate I.D. or I.M. or A.C. allografts 
and was unable to pick up significant function in re- 
jecting grafts. No residual thyroid tissue was noted 
in the necks of any recipients. 


Influence of Recipient Transplant Site on Functional 
Survival of Thyroid Grafts (Table 1) 


Isografts on thyroid survived until removal when 
placed in the I.M.. R.C., A.C., L.S., and I.D. posi- 
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Fics. la and b. Survival rates of thyroid grafts across different his- 
tocompatibility barriers and into various sites as follow, (a) LD. 
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5.0 —— Weak histocompatibility barrier (13) 


——— Strong histocompatability barrier 
—-—Isografts (4) 
Y Graft removed 


4.0 
T4 (ug%) 


3.0 


2.0 


Fics. lc and d. Survival rates of thyroid grafts across 
different histocompatibility barriers and into various 
sites as follows: (c) A. C. (d) LS. 
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tions. Thyroid allografts showed surprisingly pro- 
longed survival rates in the I.M., R.C., and I.D. posi- 
tions when a weak histocompatibility barrier was 
crossed. Statistically significant function (p < 0.001) 
compared to thyroidectomized controls, was seen in 
these grafts until the time of removal from muscle at 
40 weeks, the renal subcapsule at 12 weeks, and skin 
at nine weeks. The survival times of skin grafts in 
the same strain combination were F — L: 11.5 + 0.4 
and L — F: 12.8 + 0.5 days. Lewis thyroid allografts, 
in the anterior chamber of Fischer rats, a well known 
immunologically privileged site, also survived for the 
entire observations period of 12 weeks, as did Fischer 
allografts in Lewis anterior chambers. Intrasplenic allo- 
grafts showed no evidence of function in any strain 
combination nor did grafts into any site in animals pre- 
sensitized with donor strain skin. Furthermore, skin 
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Fic. le. Survival rates of thyroid grafts across different histocom- 
patibility barriers and into various sites as follows: (e) I.M. 
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Fic. 2a. Intramuscular thy- 
roid grafts. Note progres- 
sion in degree of inflam- 
matory response and follic- 
ular attenuation as strength 
of histocompatibility bar- 
rier increases. BN — BN 
isograft (19 wks). 


Fic. 2b. See legend for Fig- 
ure 2a. L — F allograft 
(40 wks) H&E x 260. 
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Fic. 2c. See legend for Fig- : b. '». 
ure 2a. F — BN allograft ` ~ uc 
(10 days) H&E x130. Ar- J A 
rows indicate thyroid fol- 5 | 
licles. Fu 
ue. 


grafts from the donor strain were rejected in an ac- 
celerated manner by recipients of previous thyroid allo- 
grafts: A.C. 9.0 + 0.6, I.M. 7.8 + 0.3, I.S. 8.0 + 0.1, 
R.C. 8.0 + 0.6, I.H. 7.2 + 0.5 days all of which are 
significantly different (p — 0.001) from the median sur- 
vival times of skin on untreated control animals. In 
the case of the long surviving (40 weeks) I.M. thyroid 
allografts, donor strain skin actually precipitated a re- 
jection of the thyroid tissue concomitant with the skin 
rejection, resulting in complete destruction of the thy- 
roid within ten days. 


Discussion 


The notion that endocrine tissue may be immuno- 
logically "privileged" is supported by considerable ex- 
perimental data. In 1955 Billingham and Parkes? noted 
that the "degree of genetic . . . difference between 
donor and host that will lead to the breakdown of skin 
homografts is only rarely sufficient to affect the con- 
tinued functional activity of ovarian homografts.” In 
their experiments 16/19 oophorectomized rats receiv- 
ing subcutaneous ovarian allografts were noted, on the 
basis of observation of vaginal smears, to have ovarian 
function for 61 days. Only 14/31 skin allografts sur- 
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vived in the same outbred strain combination for 
22 days. Nine of 16 animals presensitized with skin 
rejected ovarian tissue from the skin donor strain with 
no evidence of function suggesting that the ovary was 
antigenically intact. 

Various explanations for these phenomena included 
suggestions that: 1) The antigenic load of ovarian tis- 
sue was small, either through nonspecific necrosis of 
the graft or some intrinsic lack or feebleness of trans- 
plantation histocompatibility antigens; 2) the graft was 
able to neutralize or inactivate the host response; 3) 
graft adaptation by surviving cells allowed them to grow 
in an immunologically unfavorable environment, simi- 
lar to the situation with some tumors; and 4) the pos- 
sibility of a high vascularity of the graft prevented the 
accumulation of destructive factors. 

In 1964 Barnes? pointed out the tissues might differ 
in their antigenicity if compared by histologic type not- 
ing that epithelial tissues were significantly less anti- 
genic than endocrine, lymphoid or parenchymatous 
(kidney, liver, brain or connective) tissue. These grafts 
consisted of minute fragments of tissue (0.15 mg) and 
survival endpoint were on the basis of histologic evalu- 
ation. These results, surprising in the fact that the epi- 
thelial tissue was poorly antigenic, may be explained 
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Fic. 3a. Intrasplenic thy- 
roid grafts. F — F isograft 
(29 wks). Note normal fol- 
licular structure. H&E x 130. 





Fic. 3b. See legend for Fig- 
ure 3a. F — L allograft (12 
wks). Graft site has been re- 
placed by fibrous tissue 
scar (arrows) H&E x43. 
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Fic. 4a. Renal subcapsular 
grafts. F — F isograft (4 
wks). Follicular architec- 
ture maintained. H&E x 130. 


by the difficulty in evaluating such small grafts during 
a rejection reaction.” 

That various cells may differ in their ability to with- 
stand the onslaught of the allograft reaction is suggested 
by an experiment by Fujimoto et al.” who showed that 
sensitized lymphoid cells confined in a cell impermea- 
ble diffusion chamber were capable of destroying allo- 
geneic lymphoid, epidermal, and renal tubular cells 
within the same chamber, but not thyroid or glomeruli. 

Linder" also showed that although skin and ovarian 
allografts across a strong histocompatibility barrier (H- 
2) were uniformly destroyed in mice, tumors were regu- 
larly accepted even in preimmunized animals and ovar- 
ian grafts survived longer than skin when transplanted 
across a non-H-2 difference. He also noted that long 
residence of functional ovarian allografts ‘‘weakened’’ 
the response of the mice to subsequent donor strain 
skin suggesting the development of a form of tolerance 
or enhancement. Similar results were noted in guinea 
pigs in the classic experiments of the Woodruffs in 
which thyroid allografts seemed to enjoy prolonged 
survival in the subcutaneous position if allowed to re- 
side first in the anterior chamber for three to six 
months.?! 

In our experiments, thyroid tissue appeared to be 
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normally antigenic, evidenced by the accelerated re- 
jection times of donor strain skin, regardless of the 
thyroid transplant site. Furthermore, no enhancement 
of skin graft survival was noted even in animals bear- 
ing I.M. thyroid allografts for as long as 40 weeks. 
for when the thyroid allograft recipient received a 
donor strain skin graft, the thyroid and skin promptly 
underwent rejection simultaneously. Thus, evidence 
for the weak antigenicity of endocrine tissue as sug- 
gested by Russell and Gittes!” for parathyroid and Bil- 
lingham for ovary? are not apparent for the thyroid 
grafts in this report. 

The influence of histocompatibility on the fate of 
thyroid grafts seems clear from our experiments. Using 
AgB incompatible rats, Raaf et al.'? noted low levels 
of function (T4-2.00 + 0.50) at one week. but con- 
cluded that neither fresh nor cultured allografts in an 
intramuscular pocket functioned after four weeks. A 
similar conclusion was reached by two other groups 
for thyroid allografts in anterior chambers and subcu- 
taneous pockets.*:'? Weak histocompatibility increased 
the survival of both skin and thyroid allografts in the 
experiments of Kaplan and Stevens.’ a finding con- 
firmed by prolonged survival of all except intrasplenic 
thyroid allografts in this report. Only the splenic and 
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Fic. 4b. See legend for Figure 4a. F — L allograft (4 wks). Note 
presence of a few inflammatory cells (arrows). H&E x 130. 


intradermal grafts demonstrated evidence of allograft 
rejection. The intradermal grafts deteriorated slowly 
over a two to nine week period (MST 6.1 + 0.64 
weeks), but even these grafts survived significantly 
longer than skin grafts in the same strain combination. 
The rejection seemed much faster in the spleen, pos- 
sibly because the thyroid grafts were in intimate con- 
tact with a very large population of potentially active 
lymphoid cells from the outset of their residence in 
the host recipient. No thyroid allografts survived for 
more than one week when transplanted across the 
strong Ag-B? incompatibility barrier. 
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Regarding the effect of transplant recipient site, it 
is difficult to demonstrate the influence of potentially 
privileged areas on graft survival since all thyroid grafts 
except intrasplenic survived for a period longer than 
skin grafts in the same histocompatibility combination. 
Nevertheless the intramuscular grafts showed striking 
prolongation (40 weeks) of function in a site which 
has been demonstrated by Barker and Billingham! to 
be at least ‘‘semiprivileged”’ in its ability to prolong 
approximately two fold the survival of open fit skin 
grafts on rats. The reason for this phenomenon is that 
muscle, relatively lacking in lymphatics," delays the 
completion of the afferent limb of the immunologic 
reflex, thus prolonging the recognition phase of the 
rejection reaction. The open fit grafts in these experi- 
ments enjoyed an increase in their life expectancy even 
when transplanted across a strong histocompatibility 
barrier. 

As a corollary to this finding thyroid allografts in 
skin survived for a shorter period of time than the 
intramuscular grafts in our experiments, possibly be- 
cause of the richness of the dermal lymphatic supply. 
A similar hypothesis can explain the failure to thrive 
of the intrasplenic grafts in that lymphoid tissue is in 
immediate contact with the graft from the time of trans- 
plantation. On the other hand, Pfefferman and asso- 
ciates!* have demonstrated that Ag-B compatible para- 
thyroid grafts enjoy prolonged survival in the liver, 
an organ richly supplied with lymphatics, and Reckard 
et al.'® and others have shown slight prolongation of 
survival of islet allografts across weak histocompatibili- 
ties in intraportal injections. Obviously, other factors 
than lymphatic, vascular, or cellular influences are in- 
fluential in graft survivals. In order to explain the longer 
survival of skin than thyroid in anterior chambers of 
weakly and strongly incompatible recipients, Kaplan 
and Stevens? suggest that thyroid has an increased sus- 
ceptibility to ischemic necrosis. The oxygen require- 
ments of different endocrine tissues vary, and thyroid 
appears to be intermediate between adrenal and para- 
thyroid and ovary.? 

Finally the explanation for the failure of TSH levels 
to fall in recipients of thyroid allografts may be that 
a trophic stimulus is required by these chronically re- 
jecting grafts and that the TSH elevation is necessary 
for functional stimulation. 

The results of our experiments lead to the conclu- 
sions that thyroid tissue is normally antigenic, that it 
demonstrates usual responses to histocompatibility dif- 
ferences, and that it may represent a semiprivileged 
tissue in the sense that it is capable of survival for 
longer periods than skin in weak histocompatibility 
combinations, a fact not recognized by investigators 
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using only strongly incompatible or outbred strains. 
Similar results were noted for parathyroid allografts 
by Naji and Barker,'? however 100% survival was not 
seen in any site. The two patterns of parathyroid allo- 
graft survival seen by Russell Gittes may also be at- 
tributed to varying histocompatibility strengths in out- 
bred rats. Using H-2 disparate recipient mice Lafferty 
and coworkers?’ showed that uncultured thyroid placed 
under the kidney capsule underwent complete rejection 
within 20 days. Also, Sollinger et al.'* demonstrated 
rejection of fresh Wistar xenogeneic thyroids within 
six days by DBA/2 mice. In both of these reports, hold- 
ing the thyroid in tissue for a period of three and one- 
half weeks before transplantation served to prolong 
their survival for 25-70 days. One explanation for this 
prolongation of survival is that potentially antigenic 
passenger leukocytes are lost during culture and thus 
there is a decrease in the helper stimulus which would 
potentiate the generation of cytoxic T-cells. 

Although the indications for thyroid transplantation 
in clinical situations are essentially insignificant in view 
of the ability to treat an hypothyroid state with syn- 
thetic or naturally derived substances, the information 
gained from this work may allow for further investi- 
gation into the transplantation of endocrine tissues 
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whose deficiency is less easily treated, such as islet 
cells, ovary, and parathyroid. 
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The CF-MB3 and CF-LB3 colonoscopes are designed to handle the 
most commonly required procedures, diagnostic and therapeutic. The 
CF-MB3 has a working length of over 1100 mm; the CF-LB3, over 1800 mm. 
Both instruments have torque-free insertion tubes with two-stage flexibility for 
smoother insertion, greater patient comfort and maximum controllability. An 
improved instrument channel permits easier passage of forceps and snares. 





The TCF-2L2 offers a second 


instrument channel to permit the 
simultaneous use of two treatment/biopsy 
accessories or to increase the scope's 

suctioning capability. The end result is a 
colonoscope ideal for safe and effective 
polypectomy. 


TCF-2L2 CF-MB3 & CF-LB3 


SEE WHAT YOU'VE BEEN 
MISSING IN SIGMOIDOSCOPY. 


The TCF-1S flexible sigmoidoscope, with a working length of 60 cm, 
dramatically increases your diagnostic capabilities when compared to the 
usual rigid sigmoidoscopes—with no sacrifice of convenience or ease of 
operation. Since over 60% of colonic disease originates in the sigmoid, 
J the TCF-1S enables you to accurately examine an important 25 
F = additional centimeters beyond the reach of rigid scopes, without 
resorting to colonoscopy techniques that are more demanding 
on both the patient and the practitioner. 


— 
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| Rigid sigmoidoscope. Flexible TCF-1S. 


The TCF-1S is specifically designed for 
Sigmoidoscopy and is not simply a 
shortened colonoscope. It offers 
improved maneuverability and patient 
comfort, facilitating thorough examination 
as far as the descending colon. Further 
enhancing its practicality and ease of 
use is an extra-large instrument 
and suction channel. 
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IT’S AN OLYMPUS. 


N ; That's because of Olympus nationwide network of service 
hdi ^ centers. They're not just local offices that forward a fiberscope 
F that needs service to a central plant. Each regional service 

center is fully equipped to perform major and minor repairs and 
maintenance on all our fiberscopes and accessories. Which 
means that if your scope has to come in for service, you have 
less time to wait for it to come back—or, in an emergency, less 
time to wait for a loan instrument. It's a service organization that 
no other fiberscope paar acre! can even come close to—in 
size or efficiency. 


The only nationwide 
network of fully 
equipped fiberscope 
service centers: 
Baltimore, 

Chicago, 
Houston, 
Jacksonville, 
Los Angeles, 
New York. 
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SUPERIORITY YOU CAN SEE. 


Olympus Corporation of America, Medical Instrument Division, 
4 Nevada Drive, New Hyde Park, New York 11040, (516) 488- 3880 


5 I'd like to look into Olympus. 
1 Send me further information on the following / 
Olympus fiberscopes: y 
Ari Have your representative call me to arrange an appointment. / 
/ 


\ Name 
N 


Unretouched photo 
taken through an $ 
Olympus fiberscope. § 
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DALMANE 


tlurazepam HCI)& 


One 15-mg capsule h.s.— initial dosage 

for elderly or debilitated patients. 

One 30-mg capsule h.s.—usual adult dosage 
(15 mg may suffice in some patients). 





Before prescribing Dalmane (flurazepam HCI), please consult 
complete product information, a summary of which follows: 
Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia or 
poor sleeping habits; in acute or chronic medical situations 
requiring restful sleep. Since insomnia is often transient and 
intermittent, prolonged administration is generally not neces- 
sary or recommended. 


Contraindications: Known hypersensitivity to flurazepam HCl. 
Warnings: Caution patients about possible combined effects 
with alcohol and other CNS depressants. Caution against hazard- 
ous occupations requiring complete mental alertness (e.g., 
operating machinery, driving). 

Usage in Pregnancy:Several studies of minor tranquil- 

izers (chlordiazepoxide, diazepam, and meprobamate) 

suggest increased risk of congenital malformations 

during the first trimester of se ge lta Dalmane, a benzo- 

diazepine, has not been studied adequately to deter- 

mine whether it may be associated with such an increased 

risk. Because use of these drugs is rarely a matter of 

urgency, their use during this period should almost 

always be avoided. Consider possibility of pregnancy 

when instituting therapy; advise patients to discuss 

therapy if they intend to or do become pregnant. 
Not recommended for use in persons under 15 years of age. 
Though physical and psychological dependence have not been 
reported on recommended doses, use caution in administering 
to addiction-prone individuals or those who might increase 
dosage. 
Precautions: In elderly and debilitated, limit initial dosage to 
15 mg to preclude oversedation, dizziness and/or ataxia. Con- 
sider potential additive effects with other hypnotics or CNS 
depressants. Employ usual precautions in patients who are 
severely depressed, or with latent depression or suicidal ten- 
dencies. Periodic blood counts and liver and kidney function 
tests are advised during repeated therapy. Observe usual precau- 
tions in presence of impaired renal or hepatic function. 
Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
Staggering, ataxia and falling have occurred, particularly in 
elderly or debilitated patients. Severe sedation, lethargy, dis- 
orientation and coma, probably indicative of drug intolerance or 
overdosage, have been reported. Also reported: headache, heart- 
burn, upset stomach, nausea, vomiting, diarrhea, constipation, 
GI pain, nervousness, talkativeness, apprehension, irritability, 
weakness, palpitations, chest pains, body and joint pains and 
GU complaints. There have also been rare occurrences of leu- 
kopenia, granulocytopenia, sweating, flushes, difficulty in 
focusing, blurred vision, burning eyes, faintness, hypotension, 
shortness of breath, pruritus, skin rash, dry mouth, bitter taste, 
excessive salivation, anorexia, euphoria, depression, slurred 
speech, confusion, restlessness, hallucinations, paradoxical 
reactions, eg. excitement, stimulation and hyperactivity, and 

) 


Tonight. 





elevated SGOT, SGPT, total and direct bilirubins and alkaline 
hosphatase 
osage: Individualize for maximum beneficial effect. 
Adults: 30 mg usual dosage; 15 mg may suffice in some patients. 
Elderly or debilitated patients: 15 mg initially until response is 
determined. 


Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 


REFERENCES: 1. Meyer JA, Kurland KZ: Milit Med 138:471-474, 
Aug 1973. 2. Feffer HL, Gibbons B: Med Times 101:130-135, Aug 
1973. 3. Data on file, Medical Department, Hoffmann-La Roche 
Inc., Nutley NJ. 4. Warfarin Study: Data on file, Medical Depart- 
ment, Hoffmann-La Roche Inc., Nutley NJ. 5. Robinson DS, 
Amidon EL: Interaction of benzodiazepines with warfarin in man, 
in The Benzodiazepines, edited by Garattini S, Mussini E, 
Randall LO. New York, Raven Press, 1973, p. 641. 6. Moore JD, 
Weissman L: J Clin Pharmacol 16:241-244, May-Jun 1976. 

7. Spiegel HE: Data on file, Medical Department, Hoffmann- 

La Roche Inc., Nutley NJ 


ROCHE PRODUCTS INC. 
Manati, Puerto Rico 00701 
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‘proven relief when significant efficacy 


surgical patients require the first night proved in 
sleep medication paired-night studies 





for your patients than barbiturates do. In contrast to bar 
biturates, Dalmane may be administered to patients on 
chronic warfarin therapy. Studies have shown no unaccepl 
able fluctuation in prothrombin time ^-^ 

Dalmane is compatible with many common laboratory 
tests and does not interfere chemically with them.”:’ (Alter 
ations have been reported due to pharmacological effects; 
see Adverse Reactions section of product information.) 


Please see preceding page for a summary of product information. 


sively as Dalmane. Sleep laboratory studies alone account 
for more than 1400 subject-nights: These studies provide 
objective documentation of the hypnotic efficacy of 
Dalmane for short-, intermediate- and longer-term adminis 
tration in adults of all ages...without repeated dosage 
during the night or increased dosage from night to night. 
The usual adult dosage of Dalmane is 30 mg h.s., but 15 mg 
may suffice in some patients and is the initial recom 
mended dosage in elderly or debilitated patients, to help 
preclude oversedation, dizziness or ataxia. 


DALMANE (‘lurazepamHCi@ 


also provides proof of no 


chemical interference with many 


common laboratory tests” 


15-mg and 50-mg capsules 


p" Ww 
P d 


- 


Computer generated 





cr ETN : 
eS we 


Be hr a ae EL 
PHARMACEL 
ye es 


N " 4 x iiy 
3 Bp ine zi PATA 4 f LS 
Meca. mr E Au be ees 


pne . 





elTe; 
parenteral 
nutrition. 


NOW 
possible vid 


peripheral vein 














Intralipid 10% 
IV Fat Emulsion 


Before the availability of Intralipid 10% I.V. 
Fat Emulsion, hyperalimentation was the only 
method of administering highly concen- 
trated solutions of calories and nutrients. But 
hyperalimentation requires central venous 
catheterization, with all its attendant risks. 

Now, with Intralipid 10% LV. Fat Emulsion, 
there is an alternative — the lipid system of 
total parenteral nutrition. The lipid system 
consists of Intralipid 10% LV. Fat Emulsion 
in conjunction with glucose, amino acids, 
electrolytes, minerals and vitamins, and 
provides all essential nutrients, including 
fat" and adequate calories, via periph- 
eral vein. 

Intralipid 10% LV. Fat Emul- 
sion is a highly concentrated 
source of calories, providing 1.1 
Calories per ml in an isotonic 
solution. 

And because the lipid system 
includes fat in the I.V. nutritional 
regimen, Intralipid 10% LV. Fat 
Emulsion attains the goal of 
balanced I.V. nutrition and 








prevents or corrects the symptoms of essential 
fatty acid deficiency. 

Intralipid 10% I.V. Fat Emulsion also allows 
for balanced I.V. nutrition via central vein in 
those patients who require larger amounts of 
calories than can be supplied by peripheral 
infusion, or who have peripheral veins un- 
suitable for parenteral feeding. Central vein 
infusion of Intralipid 10% IV. Fat Emulsion, with 
other nutrients infused separately can de- 
crease the risk of metabolic disorders often 
encountered with hyperalimentation infu- 
sions — including osmotic diuresis, hypergly- 
cemia, rebound hypoglycemia, hyperos- 
molar non-ketotic dehydra- 
tion — and prevents or corrects 
essential fatty acid deficiency. 

Intralipid 10% LV. Fat Emul- 
sion —could make the lipid sys- 
tem your method of choice in 
ILV. nutrition. 


“Intralipid 10% L.V. Fat Emulsion must not be mixed 
with electrolyte or other nutrient solutions in order to 
avoid disturbing the stability of the emulsion. Filters 


must not be used with Intralipid 10% I.V. Fat Emulsion. 





Now possible. 
Total parenteral nutrition 
via peripheral vein. 





See following page for full 
prescribing information. 


Litrulipid 19% IV. ra 





DESCRIPTION 
in 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
is a fat emulsion prepared for intravenous ad- 
ministration. It is made up of 10% soybean oil, 
1.2% egg yolk phospholipids, 2.25% glycerin, and 
Water for Injection. In addition, Sodium Hydrox- 
ide has been added to adjust the pH to between 
5.5 and 9.0. 

The soybean oil is a refined natural product 
consisting of a mixture of neutral triglycerides of 
predominantly unsaturated fatty acids. The 
major component tatty acids are linoleic (54%), 
oleic (26%), palmitic (9%) and linolenic (8%). 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
has an osmolarity of approximately 280mOsm/ 
liter and contains emulsified fat particles of 
approximately 0.5 micron size. 

The total caloric value, including fat, phos- 
pholipid and glycerol, is 1.1 calories per ml. of In- 
tralipid® 10% (10% Intravenous Fat Emulsion). 





ACTIONS 





Intralipid® 10% (10% Intravenous Fat Emulsion) 
is metabolized and utilized as a source of energy 
causing an increase in heat production, de- 
crease in respiratory quotient and increase in 
oxygen consumption following its administration. 
The infused fat particles are cleared from the 
blood stream in a manner thought to be compa- 
rable to the clearing of chylomicrons. 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
will prevent the biochemical lesions of essential 
fatty acid deficiency (EFAD), and correct the 
clinical manifestations of the EFAD syndrome. 





INDICATIONS 





Intralipid® 10% (10% Intravenous Fat Emulsion) 
is indicated as a source of calories and essential 
fatty acids for patients requiring parenteral nutri- 
tion for extended periods of time (usually for 
more than five days) and as a source of essential 
fatty acids when a deficiency occurs. 





CONTRAINDICATIONS 





The administration of Intralipid® 10% (10% In- 
travenous Fat Emulsion) is contraindicated in pa- 
tients with a disturbance of normal fat metabo- 
lism such as pathologic hyperlipemia, lipoid 
nephrosis and acute pancreatitis if accom- 
panied by hyperlipemia. 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
must not be mixed with electrolyte or other nu- 
trient solutions; no additives can be placed in the 
bottle of Intralipid® 10%. It is supplied in single 
dose containers; a partly used bottle must not be 
stored for later use. 

Filters should not be used with Intralipid® 10% 
(10% Intravenous Fat Emulsion). 

Do not use any bottle in which there appears to 
be an oiling out of the emulsion. 
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WARNINGS 
Caution should be exercised in administering 
Intralipid® 10% (10% Intravenous Fat Emulsion) to 
patients with severe liver damage, pulmonary 
disease, anemia or blood coagulation disorders, 
or when there is danger of fat embolism. 
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PRECAUTIONS 





When Intralipid® 10% (10% Intravenous Fat 
Emulsion) is administered, the patient's capacity 
to eliminate the infused fat trom the circulation 
must be monitored. The lipemia must clear be- 
tween daily infusions. 

During long term intravenous nutrition with In- 
tralipid® 10% (10% Intravenous Fat Emulsion), 
liver function tests should be performed; and if 
these tests indicate that liver function is impaired. 
the therapy should be withdrawn. 

Frequent (some advise daily) platelet counts 
should be done in neonatal patients receiving 


| “Intravenous Fat Emulsic 


| wralipid 10° 


Cutter Medical 


Division of Cutter Laboratories, Inc 
Berkeley, California 94710 





parenteral nutrition with Intralipid” 10% (10% In- 
travenous Fat Emulsion). 





ADVERSE REACTIONS 





The adverse reactions observed can be sepa- 
rated into two classes: 


1. Those more frequently encountered which are 
due either to contamination of the intravenous 
catheter and result in sepsis, or to vein irritation 
by concurrently infused hypertonic solutions 
and may result in thrombophlebitis. These ad- 
verse reactions are inseparable from the 
hyperalimentation procedure with or without 
Intralipid® 10% (10% Intravenous Fat Emulsion); 
and 

2. Those less frequent reactions more directly re- 
lated to Intralipid® 10% (10% Intravenous Fat 
Emulsion) which are: a) immediate or early 
adverse reactions, each of which has been 
reported to occur, in clinical trials, in an inci- 
dence of less than 1%: dyspnea, cyanosis, al- 
lergic reactions, hyperlipemia, hypercoagu- 
lability, nausea, vomiting, headache. flushing. 
increase in temperature, sweating, sleepiness, 
pain in the chest and back, slight pressure over 
the eyes, dizziness and irritation at the site of 
infusion, and rarely thrombocytopenia in neo- 
nates. b) delayed adverse reactions: hepat- 
omegaly, splenomegaly, thrombocytopenia, 
leucopenia, transient increases in liver function 
tests, and over loading syndrome (focal sei- 
zures, fever, leukocytosis, splenomegaly and 
shock). 

The deposition of a brown pigmentation in the 
reticuloendothelial system, the so-called "in- 
travenous fat pigment", has been reported in pa- 
tients infused with Intralipid® 10% (10% Intraven- 
ous Fat Emulsion). The cause and significance of 
this phenomenon are unknown. 
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DOSAGE AND ADMINISTRATION 
aaan O Ull EE LL 
Intralipid* 10% (10% Intravenous Fat Emulsion) 
should be administered as a part of total par- 
enteral nutrition intravenously via a peripheral 
vein or by central venous infusion. 


Adult Patients The initial rate of infusion in 
adults should be one ml./minute for the first 15 to 
30 minutes of infusion. If no untoward reactions 
occur (see Adverse Reactions section), the infu- 
sion rate can be increased so that 500 ml. will be 
infused over a period of four hours. Only 500 ml. 
of Intralipid® 10% (10% Intravenous Fat Emulsion) 
should be infused into adults on the first day of 
therapy. If the patient has no untoward reactions, 
the dose can be increased on the following day. 
The daily dosage should not exceed 2.5 g./kg. of 
body weight. Intralipid® 10% should make up no 
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more than 60% of the total caloric input of the pa- 
tient. Carbohydrate and a source of amino acids 
should comprise the remaining 40% or more of 
the caloric input. 


Pediatric Patients The initial rate of infusion in 
pediatric patients should be 0.1 ml./minute for 
the first 10 to 15 minutes. If no untoward reactions 
occur, the rate can be increased to permit infu- 
sion of 1 g./kg. in four hours. The daily dosage 
should not exceed 4 g./kg. of body weight. In- 
tralipid® 10% (10% Intravenous Fat Emulsion) 
should make up no more than 60% of total caloric 
input of the patient. Carbohydrate and a source 
of amino acids should comprise the remaining 
40% or more of the caloric input. 


Fatty Acid Deficiency When Intralipid® 10% (10% 
Intravenous Fat Emulsion) is administered to cor- 
rect fatty acid deficiency, eight to ten percent of 
the caloric input should be supplied by In- 
tralipid® 10% in order to provide an adequate 
amount of linoleic acid to correct the deficiency. 


Administration Intralipid® 10% (10% Intravenous 
Fat Emulsion) should be infused separately from 
any other intravenously administered solutions in 
order to avoid disturbing the stability of the emul- 
sion. It must not be mixed with electrolyte or 
other nutrient solutions, and drugs or vitamins 
must not be added to the emulsion in the infusion 
bottle. It can be infused into the same peripheral 
vein as the carbohydrate-amino acids solution 
by means of a Y-connector located near the infu- 
sion site, and flow rates of each solution should 
be controlled separately by infusion pumps. Filters 
should not be used with Intralipid® 10% emulsion. 

A special Intralipid® 10% (10% Intravenous Fat 
Emulsion) intravenous administration set is 
available. 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
is supplied in single dose containers; the remain- 
ing contents of a partly used bottle must not be 
stored for later use. 





STORAGE 





Intralipid® 10% should be stored under refrig- 
eration at 4° to 8°C. 

Do not freeze Intralipid® 10% (10% Intraveno 
Fat Emulsion); if accidentally trozen, discard botile. 





HOW SUPPLIED 





Intralipid® 10% (10% Intravenous Fat Emulsion) 
is supplied as a sterile emulsion in 500 ml. 
containers. 





IMPORTANT 
ADDITIONAL PRODUCT INFORMATION 





Read Carefully Before Administration of 
Intralipid” I.V. Fat Emulsion 





1. Stopper Entry 
STOPPER 


e Insert Spike Here 


a. Be sure to swab the face of the stopper im- 
mediately before piercing. 

b. Insert spike through the largest circle of pre- 
pared stopper with a straight thrust and then 
twist to fully seat spike. 


2. Special Intralipid* I.V. Fat Emulsion Admin 
istration Set 


A special Intralipid® I.V. Fat Emulsion administra 
tion set is provided with each bottle. Conven 
tional administration sets contain polyvinia 
chloride (PVC) components that contain DEHF 
(Diethyl Hexyl Phthlate) as a plasticizer. Fat con 
taining fluids such as Intralipid® extract DEHI 
from these PVC components. 


The special Intralipid® I.V. Fat Emulsion set does 
not contain DEHP Therefore, this special se’ 
should be used for the administration of In 
tralipid® 10% (Intravenous Fat Emulsion). 


= Susceptibility of the Pancreas to Ischemic Injury in Shock 


ANDREW L. WARSHAW, M.D., AND PATRICK J. O'HARA, M.D. 


The pancreas, like the kidney, is highly vulnerable to ischemic 
necrosis. This form of pancreatic injury may express itself as 
prolonged hyperamylasemia with only minimal signs or 
symptoms of inflammation, or may produce severe pancreatitis 
followed by abscesses and death. Autopsy examination of 
patients dying after oligemic shock showed a 9% incidence of 
major pancreatic injury if there was not concomitant acute 
renal tubular necrosis (ATN), but a 50% incidence in those with 
ATN. Similarly, among patients dying after non-oligemic 
shock, 12% of those without ATN had major pancreatic injury 
but 35% with ATN also had pancreatic ischemic injury. Among 
13 selected . patients examined prospectively after being in 
shock, pancreatic injury was indicated by hyperamylasemia, 
hyperlipasemia, elevated amylase/creatinine clearance ratio, 
and elevated circulating isoamylases specifically of pancreatic 
origin. Four of the 13 had clinical manifestations of 
pancreatitis. Not only must shock be added to this list of causes 
of pancreatitis, but pancreatic ischemia due to hypoperfusion 
may also be the critical factor which causes the progression 
from edema to necrosis in other forms of pancreatitis, including 
those associated with alcohol and biliary disease. 


HE KIDNEY HEADS ANY LIST of organs vul- 
T nerable to acute injury in shock, with the heart, 
brain and liver following. It is our purpose to show 
that the pancreas as well may suffer ischemic injury 
during periods of hypotension and tissue hypoperfu- 


sion, and to explore the broader significance of that 


observation. 
There are previous suggestions, based upon both 
clinical and experimental data, that pancreatitis may 
result from an ischemic insult. Acute pancreatitis oc- 
curs, apparently due to arterial narrowing or occlusion, 
in vasculitides such as polyarteritis nodosa or necrotiz- 
ing angiitis due to drugs,’ in malignant hypertension,’ 
and as a result of atheromatous emboli.?! In the lab- 
oratory animal, necrotizing pancreatitis may be pro- 
duced by arterial occlusion,” venous ligation,! and in- 
jection of microspheres into the pancreatic arteries, !? 
Mitigation of the severity of experimentally induced 
pancreatitis, largely by protection against pancreatic 
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necrosis, is afforded by enhancing the pancreatic mi- 
crocirculation with low-molecular-weight dextran,” 
heparin,® and sympathetic blockade.’ 

In the present study we have examined the clinical 
and pathological characteristics of several groups of 
patients who have had periods of significant hypoten- 
sion and tissue hypoperfusion. In addition, we have 
utilized analysis of serum isoenzymes of amylase to 
investigate the origins of hyperamylasemia occurring in 
the postshock period. 


Materials and Methods 
Retrospective Autopsy Studies 


To exemplify either oligemic or non-oligemic types of 
shock, the autopsies of all patients who died after 
emergency or elective resection and grafting of an ab- 
dominal aortic aneurysm (January, 1969 to January, 
1976) or after open-heart surgery (January, 1973 to Jan- 
uary, 1975) were reviewed. In order to assure verifica- 
tion of pancreatic lesions by histologic examination, - 
cases were accepted into the study only if the 
abdominal contents had been examined and the 
pancreas was not autolyzed. Ninety-five patients with 
aortic aneurysms and 101 patients who had undergone 
cardiac surgery met these criteria. The general 
incidence of pancreatitis among all autopsies (not just 
the study patients) during this period was 3%. 


Prospective Clinical Studies 


Because of our preliminary observation that the clin- 
ical manifestations of pancreatitis after shock injury 
were most often subtle or even absent, during a one 
year period we screened for hyperamylasemia in pa- 
tients who had been in clinical shock. No patient was 
included whose initial presentation and cause of shock 
could have been due to pancreatitis. 

In addition to serum amylase concentration, meas- 
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TABLE 1. Incidence of Acute Pancreatitis, Pancreatic Necrosis, or 
Pancreatic Abscess After Surgery for Abdominal Aortic Aneurysm 


No. Patients Per Cent 
Unruptured aneurysm 4/32 12 
Ruptured aneurysm 18/63 29 
without ATN 3/33 9 
' with ATN 15/30 50* 


* p < 0.001 for ruptured aneurysms with ATN vs. those without 
ATN. 


urements were made of serum lipase and the amylase/ 
creatinine clearance ratio. Serum amylase isoen- 
zymes were separated by electrophoresis on 726 poly- 
acrylamide gels and assayed by a saccharogenic 
method using 3',5'-dinitrosalicylic acid as previously 
described.?97? Serum was used within 48 hours of col- 
lection, well within the period of electrophoretic sta- 
bility of amylase isoenzymes.”® Fresh human saliva 


and pancreatic secretions, obtained by cannulating - 


Wirsung’s duct and stored at —20°, were used as stand- 
ards for salivary and pancreatic amylases. Of 15 pa- 
tients originally studied after exposure to shock, the 
hyperamylasemia was subsequently confirmed to be of 
pancreatic origin in 13, who were thus selected for 
inclusion. 


Results 
Oligemic Shock 


Of the 95 patients who died after resection and graft- 
ing of an abdominal aortic aneurysm, 32 had had elec- 
tive operations and 63 had undergone emergency op- 
eration after rupture of the aneurysm. Table 1 indicates 
that the incidence of major pancreatic injury, including 
acute pancreatitis, focal or widespread pancreatic 
necrosis, or pancreatic abscess, is significantly greater 
among patients whose aneurysm had ruptured: More 
specifically, within the rupture group there is a high cor- 
relation of pancreatic injury with ischemic injury to the 
kidney (acute tubular necrosis, ATN). In contrast to a 
9% incidence of pancreatitis in patients without ATN, 
the incidence of pancreatic injury is 50% in patients 
with ATN and 55% in those surviving long enough 
to require hemodialysis. 

There is no significant difference in the incidence 
of pancreatic injury between the unruptured group 
(12%) and the group with aortic rupture but no ATN 
(9%). Inasmuch as all 95 patients had essentially the 
same operation, factors related to the surgical proce- 
dure such as mechanical trauma to the pancreas, hem- 
orrhage into the pancreas and surrounding tissues, or 
drugs administered cannot explain these differences. 

While both ATN and pancreatic injury were found 
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in 15 of 63 patients (2496) in the ruptured aneurysm 
group, ATN without concomitant pancreatic injury oc- 
curred in another 15 of 63 (24%) and pancreatic in- 
jury occurred alone in three of 63 (5%). If ischemia 
is the factor responsible for these injuries, as we be- 
lieve, these findings unsurprisingly suggest that the kid- 
ney is relatively more sensitive to ischemic injury than 
is the pancreas. 

In patients whose death came soon after aortic re- 
section, gross and histological examination of the pan- 
creas frequently showed circumscribed areas of infarc- 
tion without edema or inflammatory reaction. This le- 
sion differed from most other forms of pancreatitis, 
in which edema and inflammation are characteristically 
prominent. 


Non-oligemic Shock 


Most patients dying after cardiac surgery have 
passed through two periods of potential pancreatic and 
renal hypoperfusion. The first is the period of extra- 
corporeal bypass, common to all in this group. The 
second, common to many but not all, is the prolonged 
hypotension due to low cardiac output occurring prior 
to death. Occasional exceptions occurred when death 
was sudden, caused by an arrhythmia or pulmonary 
embolus. 

As shown in Table 2, the overall incidence of major 
pancreatic injury is 11%, but no pancreatic lesions were 
found in patients dying within 24 hours of open-heart 
surgery. This observation in effect provides an internal 
control group which shows that perioperative compli- 
cations such as anticoagulant-related pancreatic hem- 
orrhage!5 were not at fault. It also suggests either 
that the ischemic insult of extracorporeal bypass takes 
more than 24 hours to be histologically identifiable or 
that the meaningful insult occurred later, perhaps dur- 
ing prolonged preterminal hypotension. 

Among the 57 patients dying more than 24 hours 
after surgery (22 « 1 wk, 44 « 1 mo, 13 > 1 mo) the 


TABLE 2. Incidence of Acute Pancreatitis, Pancreatic Necrosis, 
or Pancreatic Abscess following Cardiac Surgery 
with Extracorporeal Bypass 


No. Per 
Patients Cent 
All patients 11/101 11 
Patients dying within 24 hrs. of surgery (early) 0/44 0 
Patients dying more than 24 hrs. after surgery 
(late) 11/57 19* 
patients without ATN 5/40 12 
patients with ATN 6/17 357 





* p < 0.01 for early vs. late death. 
t p = 0.05 for patients with ATN vs. those without ATN. 


ee 
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TABLE 3. Characteristics of Patients with Evidence of Pancreatic Injury After Surviving Shock 
; Amylase/Creatinine 
Maximum Serum Amylase Maximum Serum Lipase Clearance Ratio 
Patient Type of Shock (normal « 25 Russell u) (normal « 1.5 u) (normal « 5.5) 
I Cardiogenic 70 — — 
2 Cardiogenic 110 4.5 7.8 
3 Cardiogenic 85 — — 
4 Hypotensive anesthesia 155 — 6.9 
5 Septic 64 — — 
6 Cardiogenic 83 — 
7 Hemorrhagic 125 4.7 — 
8 Septic 160 — 12.0 
9 Cardiogenic 94 6.4 9.3 
10 Cardiogenic 78 3.2 8.6 
1] Hemorrhagic 65 — 10.5 
12 Septic 58 3.8 9.8 
5.9 15.1 


13 Cardiogenic 80 


incidence of major pancreatic injury was 19%. As with 
the oligemic shock group, however, there was a highly 
significant correlation with coincident ATN: 12% in the 
absence of ATN but 35% in the presence of ATN. 


Pancreatic injury occurred without ATN in 5% (5/101) 


and ATN occurred alone in 1496 (14/101). 


Prospective Study of Shocked Patients 


Thirteen patients (selected as noted in Methods) 
were studied during and following a period of shock 
(three septic, two hemorrhagic, seven cardiogenic, and 
one induced intentionally for hypotensive anesthesia). 
All had a normal serum amylase concentration during 
or shortly after the shock episode but developed hy- 
peramylasemia over the several days following (Table 
3). In the eight patients in whom the amylase/crea- 
tinine clearance ratio was measured, it was elevated 
in the pancreatitis range in all cases. In all six patients 
who had serum lipase measured, it was elevated. Minor 
degrees of non-oliguric renal failure, with elevations 
of blood urea nitrogen between 25—38 mg/100 ml, oc- 
curred in eight of the 13. 

Nine of the 13 had no pain or other symptoms re- 
ferable to the pancreas and no clinical sign of pancre- 
atitis. These nine recovered without sequellae. Two pa- 
tients developed a large tender epigastric mass which 
subsided over the next ten days. One patient had fever, 
leucocytosis and hyperamylasemia for a month; be- 
cause several attempts at feeding him led to increases 
of fever and serum amylase, he was treated with naso- 
gastric suction and intravenous hyperalimentation for 
three weeks. The last patient died during a fulminating 
attack of pancreatitis. 

In each of the 13 patients, characterization of the 
isoenzymes of amylase in the serum by polyacrylamide 
gel electrophoresis showed that the increased amylase 
activity was due to pancreatic isoamylases (Fig. 1). 
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Fic. 1. Electrophoretic separation of amylase isoenzymes in poly- 
acrylamide gel: (top) Isoamylases found in pancreatic secretions 
and in salivary secretions; (middle) Typical normal serum, containing 
isoamylases resembling those in pancreatic and salivary secretions; 
(bottom) Pattern typical of serum isoamylases in acute pancreatitis. 
Only the pancreatic isoamylases are increased. All 13 patients in 
the shock study group exhibited a pattern similar to this one. 
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Discussion 


The present study demonstrates an extraordinary in- 
cidence of major pancreatic injury (pancreatitis, focal 
or widespread pancreatic necrosis, and pancreatic ab- 
scesses) occurring in patients who have been in shock. 


There is a strong positive correlation with the presence - 


of renal ischemic injury (ATN), but not with other 
potential pathogenetic factors such as operative trauma 
or hemorrhage into the pancreatic and peripancreatic 
tissues. The significant differences between subgroups 
with ATN and those without ATN provide an internal 
control of critical importance. There is apparent to 
us no other explanation for those differences except 
the presence or absence of an ischemic injury. 

The observed relationship between shock and the 
subsequent development of pancreatitis corroborates 
and explains the hitherto mysterious previous reports 
of pancreatitis following ruptured aortic aneurysms,??? 


cardiac surgery,? and cardiogenic shock.?? The evi- - 


dence suggests that ischemia must now be added to the 
list of causes of pancreatitis. 

Inasmuch as the retrospective portions of this study 
were based upon autopsy data, the observed incidences 

^of pancreatic injury may well be skewed toward higher 

incidences. For example, the incidence of clinically 
recognized pancreatitis in survivors of aortic resection 
over a coincident five year period at this hospital was 
2%, and the incidence of pancreatitis among all au- 
topsies was 3%, both figures being far lower than that 
found in any of the autopsy groups after aortic resec- 
tion or cardiac surgery. The latter figures may well 
have been increased over the baseline not only by the 
addition of clinically inapparent cases, but also by the 
greater likelihood that a patient developing pancreati- 
tis would die. Thus the skew factor inherent in an au- 
topsy study does not lessen the significance of the 
findings but probably enhances them by distilling out 
the contribution of pancreatic injury to lethality. 

It should be emphasized that pancreatitis was not 
recognized antemortem in most of the patients who 
died after aortic surgery or cardiac surgery in this 
study or in previous case reports.????? Abdominal pain, 
tenderness, and the other symptoms and signs of pan- 
creatitis were either absent or hidden within the com- 
plexity of these patients’ clinical courses. An elevated 
serum amylase, if it was detected, was often attributed 
to renal failure.*4 The finding of major pancreatic in- 
jury at autopsy was usually a great surprise. It is pos- 
sible that the bland pancreatic necrosis caused by is- 
chemia produces fewer clinical manifestations, at least 
initially, than occurs in other forms of pancreatitis, in 
which edema and inflammation are the major primary 
consequences of enzyme release and chemical irrita- 
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tion. Similar observations have been made in patients 
with pancreatitis after hypothermia, an entity which 
has also been attributed to hypoxic injury.” 

Of the 13 patients found to have pancreatic hyper- 
amylasemia after a shock episode, nine remained 
asymptomatic with respect to the pancreas. These pro- 
spective observations do appear to support the autopsy 
material, but it is important to recognize that the diag- 
nosis of pancreatitis cannot rest with certainty only 
upon an elevated serum amylase. Hyperamylasemia 
has many nonpancreatic origins and may occur in dis- 
eases affecting the salivary glands, liver, intestine, gen- 
italia, lung, or kidneys,?979?? as well as in periods of 
metabolic derangement such as the postoperative 
state’ or diabetic ketoacidosis.*’ Accordingly, we have 
sought to prove the culpability of the pancreas with 
three other pieces of evidence: the elevated serum li- 
pase (6/6), the elevated amylase/creatinine clearance 
ratio (8/8), and the elevated serum pancreatic isoamyl- 
ases (13/13). Clinical!*/*?3 and experimental? evidence 
support the contention that amylase clearance rises in 
acute pancreatitis but not in other diseases causing 
hyperamylasemia, including mild-to-moderate degrees 
of renal failure.?* Pancreatic-type isoamylase is found 
only in the pancreas,!??5 and an isolated increase of 
pancreatic isoamylase is characteristic and specific for 
pancreatic disease.!279 

That nine of the 13 patients found to have pancreatic 
hyperamylasemia after shock had no clinical difficulties 
with the pancreas suggests pancreatic injury may be 
more prevalent than has been recognized. Other re- 


ports of hyperamylasemia and elevated amylase/creat- 


inine clearance ratios after open-heart surgery??? and 
after major burn trauma,!! failing to appreciate the pos- 
sibility of ischemic pancreatic injury without clinical 
signs, have perversely assumed that there was some 
other, perhaps nonspecific, cause. Our evidence re- 
emphasizes the advisability of screening for pancreatic 
injury after shock or visceral hypoperfusion. White's 
finding that fully 10% of the pancreatitis in a very large 
Seattle series occurred after cardiogenic shock?? 
strongly supports that view. In patients who have been 
in shock and who subsequently deteriorate for unclear 
reasons or who develop systemic sepsis from unknown 
origins, the possibility of pancreatic injury should be 
evaluated, even in the absence of the usual clinical 
concomitants of pancreatitis. 

The susceptibility of the pancreas to ischemic necro- 
sis may have additional broader implications for all 
forms of pancreatitis, not just that which follows shock. 
In the great majority of cases pancreatitis is a rela- 
tively mild, self-limited disease which subsides in 24— 
48 hours on nasogastric suction and intravenous fluids 
(edematous pancreatitis). In some, however, the dis- 
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ease becomes a fulminant process with impaired func- 
tion of multiple organ systems, cardiovascular col- 
lapse, secondary infection, and often an ending in death 
(hemorrhagic pancreatitis). We suggest that hemor- 
rhage is largely incidental and irrelevant, and that the 
factor responsible for the transition from a mild to ful- 
minant process may well be pancreatic necrosis due 
to hypoperfusion of the swollen gland and capillary 
stasis. Thirty years ago, Popper, Necheles, and Russell 
showed that pancreatic duct ligation produces only 
edema, but that clamping of the pancreatic arterial sup- 
ply, normally a harmless maneuver, converts pancre- 
atic edema into pancreatic necrosis.” Subsequently 
Pfeffer and his associates emphasized the importance 
of the pancreatic microcirculation by showing that in- 
traarterial injection of small microspheres (8-20 mi- 
crons) uniformly caused necrotizing pancreatitis, 
whereas intermediate microspheres (20—40 microns) 
were less injurious, and large ones (200—400 microns) 
were almost harmless.!? Pancreatic ischemia has also 
been implicated, at least in dogs, in the release of vaso- 
active substances adversely affecting cardiovascular 
performance.’ Furthermore the development of tissue 
necrosis may trigger disseminated intravascular coagu- 
lation and provides the culture medium for secondary 
bacterial infection. If pancreatic hypoperfusion is in- 
deed a critical factor in the escalation from edematous 
to necrotizing pancreatitis, then simply maintaining 
adequate intravascular volume may be insufficient. 
Wright and Goodhead may have been correct in advo- 
cating the use of low-molecular-weight dextrans to re- 
duce sludging and stasis in the pancreatic microcircula- 
tion. 4?! 
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Antibiotic Concentration in Human Wound Fluid After 


Intravenous Administration 
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Since the wound is the most common focus of infection in the 
surgical patient, adequate levels of antibiotic within the wound 
are essential. This study examines the concentrations of anti- 
biotic achieved in human wounds. Fluid was collected at timed 
intervals on the first postoperative day from the wounds of 56 
patients receiving antibiotics after regional lymph node dissec- 
tion. Antibiotic concentration was determined by bioassay. Six 


antibiotics were siudied: cephalothin, cefazolin, cephapirin, - 


oxacillin, ampicillin and clindamycin. The cephalosporins and 
penicillins showed similar patterns of appearance in the wound 
fluid. The peak level occurred early (1-1% hours) with 
subsequent slow decrease. Clindamycin produced nearly 
constant levels in wound fluid. The concentration of each 
antibiotic in wound fluid surpassed the serum levels after 2.5 
hours. At the dosages studied each antibiotic produced wound 
fluid concentrations greater than the MIC for most susceptible 
organisms. Higher doses provided higher wound fluid levels. 
The rate of appearance and the levels achieved should be 
considered in the choice of antibiotics in the surgical subject. 


MAJOR DETERMINANT of antibiotic action is 
the availability of that antibiotic in a bioactive 
form at the site of infection. Since the wound is the 
most common focus of infection in the surgical patient, 
satisfactory antibiotic levels within the wound are es- 
sential for prophylaxis and/or treatment of surgical in- 
fections. The concentrations achieved and the rate of 
appearance and disappearance in the wound may play 
a role in the efficacy of an antibiotic in each clinical 
situation. 

Previous studies utilizing animal models have exam- 
ined the entry of antibiotics into tissue fluid and have 
related the patierns of penetration to the serum level, 
the extent of protein binding of the drug, and the age 
of the surgical wound.^???? Similar parameters have 
been studied in attempts to evaluate human interstitial 


* Present address: Yale University School of Medicine, Section 
of Urology, New Haven, Connecticut. 

t Department of Surgery, Louisiana State University Medical 
Center, New Orleans, Louisiana. 

t Department of Surgery, University of Miami School of Medi- 
cine, Miami, Florida. 

Submitted for publication: January 4, 1978. 


From the Surgery Branch, National Cancer Institute 
and the Microbiology Laboratory, Clinical Center, 
National Institutes of Health, Bethesda, Maryland 


fluid.” The present study examines the appearance of 
several] antibiotics in fluid from human surgical 
wounds. 


Materials and Methods 


All patients admitted to the Surgery Branch of the 
National Cancer Institute over a 14 month period for 
regional lymph node dissections for treatment of a ma- 
lignant tumor were eligible for inclusion in the study. 
At the time of the study all patients undergoing cancer 
surgery were placed on antibiotics preoperatively, intra- 
and postoperatively since the previous study of 
Ketcham et al. had shown the value of such treat- 
ment in preventing infections in cancer patients. The 
abundance of fluid in the wounds after regional lymph 
node dissection frequently necessitated the use of 
closed catheter wound drainage. Drainage catheters 
were placed into the wound at the time of operation 
and remained connected to a constant suction apparatus 
equipped with a reservoir to collect the effluent (Fig. 
1).* During the first postoperative day the catheters 
were manually aspirated with a disposable syringe 
every two hours. On the following days aspiration was 
performed as necessary while constant suction was 
continued. The flow of fluid decreased very rapidly 
shortly after operation, then more slowly until the 
catheters were removed when there was a flow of less 
than 10 ml for 24 hours. 

Patients were begun on the study antibiotic at mid- 
night prior to surgery and continued for at least one 
day postoperatively. The drug was given intravenously 
over 20 minutes, every six hours during the day of 
operation and the first postoperative day and thereafter 


* Hemovac, Zimmer-—USA. 
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continued in some patients by the individual surgeon's 
choice. The antibiotics and dosage schedules are listed 
in Table 1. Patients allergic. to the study drug were 
excluded. 

Samples were collected by aspiration from indwell- 
ing wound catheters on the first postoperative day at 
1—5.5 hours after antibiotic administration. Since the 
drug was given at six hour intervals, two collection 
periods were available on the same day. In patients 
with sufficient wound fluid output who were continued 
on the parenterally administered antibiotic, samples 
were similarly collected on the third postoperative day. 
The hematocrit of the aspirated fluid was determined, 
and when it was persistently greater than 10%, the pa- 
tient was discontinued from the study. Samples were 
also taken from the suction collection device at a single 
point 5.5 hours after antibiotic administration. Two 
blood samples were drawn from each patient at one to 
three hours after the drug infusion on the first post- 
operative day. 

Immediately after collection, blood specimens were 
placed in a refrigerated centrifuge and the sera sepa- 
rated. The sera and sterile wound fluid samples were 
stored in the vapor phase of a liquid nitrogen freezer 
for not more than ninety days prior to antibiotic bio- 
assay. The assays were performed on a blind basis 
by the laboratories of the participating drug companies 
utilizing modifications of the cup plate technique. 

Samples of wound fluid or sera of sufficient volume 
were studied for the extent of protein binding. A tech- 
nique similar to that described by Hottendorf et al.!* 
was employed. One milliliter of the sample was placed 
in a Centriflo* ultrafilter of 25,000 molecular weight ex- 
clusion size and centrifuged under room air at 4° for 


* Amicon Corp. 
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TABLE 1. Antibiotics Evaluated 


Antibiotic Dosage* No. of Patients 
Cephalothin 1.0 g 15 
Cephapirin 1.0 g 7 
Cefazolin 500 mg 5 

1.0 g 2 
Ampicillin 500 mg 3 
1.0 g 7 
Oxacillin 1.0 g 9 
Clindamycin 300 mg 8 


* Intravenously every six hours. 


ten minutes at 1000 RCF. The resultant ultrafiltrate 
was then assayed for antibiotic concentration and com- 
pared to the nonfiltered sample to permit calculation 
of the percentage of antibiotic bound to nonfilterable 
protein. 


Results 


Sixty-two patients were entered into the study. Six 
patients were discontinued because of failure to follow 
the protocol or elevated hematocrit in the wound fluid. 
Table 1 lists the numbers of patients studied in each 
drug and dosage group. Four patients, two each re- 
ceiving cephalothin and cefazolin, were sampled on 
both the first and third postoperative days. All other pa- 
tients were sampled only on the first postoperative day. 

The three cephalosporins showed similar patterns of 
appearance in the wound fluid. In each case the peak 
level occurred early with subsequent slow decrease; 
but the concentration of antibiotic in the wound fluid 
remained greater than the serum level throughout the 
observation period (Figs. 2 and 3). Levels exceeding 
the minimum inhibitory concentration for most suscep- 
tible gram positive organisms were maintained in the 


. wound fluid even five hours after administration of the 


antibiotic. The drug level observed in the reservoir 
which collected wound fluid continually throughout the 
study period approximated that seen at three hours in 
the individual samples and represented an average of 
those samples. 

The concentration of cefazolin in the wound fluid 
surpassed the serum levels after three hours and re- 
mained higher throughout the study period (Fig. 4). In- 
crease in the dosage from 500 mgm. to 1 g increased 
the serum levels and doubled the wound fluid levels. 
Either dosage produced higher serum and wound fluid 
concentrations than the other two cephalosporins stud- 
ied. Antibiotic levels in wound fluid taken from the 
suction apparatus reservoir reflected those of the in- 
dividual samples. 
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15 | Cephalothin 


CONCENTRATION (ug/ml) 


infusion 1 2 3 4 
TIME (hours) 


Ampicillin rapidly appeared in wound fluid exceed- 


ing the corresponding serum levels by 1.5—2 hours after 
administration (Fig. 5). Higher levels were achieved 
when the dose was increased from 500 mgm. to 1.0 g. 

Oxacillin achieved its peak concentration in wound 
fluid 1.5 hours after initiation of intravenous infusion 
(Fig. 6). Wound fluid levels then remained higher than 
serum levels through the observation period. 

Clindamycin produce a different pattern of appear- 
ance in the wound fluid (Fig. 7). The levels observed 
were nearly constant in all samples from 1.0 to 5.5 
hours. The concentration in fluid in the collection reser- 
voir was elevated but not significantly higher than the 
average of the individual samples. Serum levels fol- 
lowed the expected pattern, decreasing below wound 
fluid levels by 2.5 hours. 

The extent of protein binding of each antibiotic in 
serum and wound fluid samples is shown in Table 2. 


15 | 
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Cefazolin, oxacillin, and clindamycin were extensively 
bound in serum and wound fluid (90%). Ampicillin ex- 
hibited the least protein binding (27.5%) in wound fluid 
(29090). It was more extensively bound in serum with 
the three hours samples significantly higher than the 1.5 
hour samples. Cephapirin and cephalothin were less ex- 
tensively bound to protein in the wound fluid samples 
than cefazolin. The average protein concentration in 
the wound fluid was 5.6 g/dl. Figure 8 shows the free 
and total antibiotic levels of the three cephalosporins 
in wound fluid collected in the reservoir. Although 
cefazolin produced much higher total levels in the 
wound fluid, the concentration of unbound or free anti- 
biotic was similar for the three cephalosporins studied. 

Wound fluid samples collected on the first postopera- 
tive day were compared to wound fluid on the third 
day in four patients, two receiving cephalothin and 
two receiving cefazolin. The mean levels achieved 
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throughout the observation periods and from three to Discussion 
five hours are shown on Table 3. Satisfactory levels 
were achieved on both days even five hours after anti- There has been considerable interest in the distribu- 
biotic administration. tion of antibiotics between vascular compartments and 
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CONCENTRATION (g/ml) 


TIME (hours) 


tissue fluid where, presumably, interaction with an in- 
fecting organism can occur. Most previous studies have 
evaluated the effects of a single dose of a drug in an 
animal model. The present study differs in its design 
in several aspects. Human subjects were studied in 
a clinical situation with the antibiotic given at regular 
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intervals prior to, during, and following the study pe- 
riod. Antibiotic levels were examined in fluid collected 
directly from the interior of a fresh surgical wound, 
and the constant suction maintained on the wound cath- 
eters permitted only a small pool of fluid which could 
be manually aspirated intermittently. 


———— Wound fluid 


Fic. 7. 


8 Reservoir 
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Each drug produced levels in wound fluid that were 
higher than the serum levels after three hours. Other 
studies have reported a similar pattern for cephalo- 
thin, cefazolin and ampicillin’® but cephapirin has 
not been studied previously. Alexander et al.* showed 
that ampicillin rapidly entered the wound and subse- 
quently disappeared rapidly. In contrast, those au- 
thors found very low levels of oxacillin in wound 
fluid. Barza et al. showed that oxacillin entered 
fibrin clots slowly but that intermittent infusion could 
produce higher levels. In the present study there 
was less difference between these two antibiotics. 
Although the peak wound fluid level occurred at 
less than one hour after administration of 1g of 
ampicillin, the peak was at 1.5 hours when l^ g was 
given or when oxacillin was employed. Similarly the 
wound fluid levels exceeded the serum levels after one 
to two hours with either drug. The difference between 
these observations and the previous reports may be 
explained on the basis of the different experimental 
techniques. | 

Clindamycin showed a nearly constant level in the 
wound fluid and exceeded the concentration in the 
serum after 2.5 hours. It remained well above the mini- 
mum inhibitory concentration for most susceptible 
organisms.‘ In contrast, Alexander et al.! reported low 
levels of clindamycin in wound fluid after injection of a 
single high dose. The different observations appear to 
be the result of the dosage schedules. The previous 
investigations used a single injection while we used 
repetitive infusions at six hour intervals begun 30 
hours prior to the first sampling period. DeHaan et al." 
have reported that active clindamycin returns from the 
tissue compartment relatively slowly and that with re- 
petitive administration serum levels do not equilibrate 
until after the third dose. Thus, there appears to be a 
relatively stable pool of clindamycin in the tissue fluid 
under the conditions of this experiment. 

Although there was contamination of wound fluid by 
blood, this was minimal with most hematocrits in the 
fluid less than 4%. Since the maximum concentra- 


TABLE 2. Protein Binding 


Wound Fluid 


(reservoir) 
(76 Bound 
Drug + S.D.) Serum 

Cefazolin 90.1 + 2.2 94.4 + 0.6 
Cephalothin 75.2 + 11.9 No sample 
Cephapirin i4.] + 2.9 No sample 
Clindamycin 03,5 + 5.2 100 
Oxacillin 93.0 + 3.0 93.1 + 4.2 
Ampicillin 27.5 + 11.9 (1.5 hour) 40.0 + 13.0 


(3.0 hour) 53.4 + 9.9 P < 9.95 


ANTIBIOTICS IN WOUND FLUID 


207 
20 
18 


16 







Free 
C] Bound 


£ u 
= 
> M 
= 10 
oe 
z B 
C2 
= 6 
4 
2 
l Cephapirin ^ Cephalothin = Cefazolin 
Fic. 8. 


tion in the wound fluid was at a different time than in 
the blood, its contribution appears insignificant. 

Serum levels were similar to those previously 
reported for cephalothin, cefazolin, ampicillin, oxacil- 
lin or clindamycin after the same dosage.^917:16.37.19 
Cephapirin produced serum concentrations higher than 
noted in previous reports. 

An increase in the dosage of cefazolin or ampicillin 
produced higher concentration in the wound fluid. 
This has,been observed previously in an animal model 
with cephalothin,” and suggests that changes in des- 
age will predictably alter the tissue levels of antibiotic. 

The effect of protein binding of antibiotics on the 
distribution and antimicrobial function is poorly under- 
stood. It has been suggested that the bound portion is 
inactive, and that this binding may maintain high 
intravascular drug levels with minimal diffusion into 
the interstitial fluids. This subject has been reviewed. !* 
Barza et al.? reported the rapid entry of loosely beund 
antibiotics into fibrin clots and demonstrated that the 
free portion of each drug penetrated the clots equally. 
In comparison the extent of protein binding had little 


TABLE 3. Effect of Wound Age on Antibiotic Penetration 


Post- Mean 
operative Concentration (ug/ml + S.E.) 
Drug Day All Samples 3 to 5 hr. Sampies 
Cephalothin I 6.5 + 0.7 3.8 + 0.6 
3 8.5 + 0.8 7.8 X 1.3 
Cefazolin I 17.3 + 1.0 15223E L1 
35 7.4 X 1.6 80 L7 
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effect on wound penetration by cephalosporins in the 
study by Alexander et al. 

The extent of serum protein binding shown for the 
antibiotics in this study (Table 2) is comparable to 
previous reports.!*!5 Ampicillin and cefazolin were 
significantly less bound in wound fluid than in serum, 
and wound fluid binding of cephapirin was less than 
the reported serum binding of 44 to 50%.’ Oxacillin 
was bound to the same extent in would fluid and serum. 
Cephalothin was bound in wound fluid to a slightly 
greater extent than reported for serum.!9:!7 

The distribution ofthe free and bound cephalosporins 
in wound fluid as shown in Figure 8 shows the similar 
levels of free drug achieved. Although conflicting re- 
ports are available,!??? demonstration of the equiva- 
lence of bioactivity of these drugs support the concept 
that the unbound portion of the antibiotic is active. 

Fluid from wounds one or three days old developed 
adequate concentrations of antibiotic. Cephalothin and 
cefazolin entered wounds of either age (Table 3). 
Variations in levels achieved at the two times may be 
the result of altered characteristics of the wound or 
merely of biologic variation. Insufficient patients were 
available for comparison on the third postoperative 
day to define fully the observed differences. Other 
studies have shown similar varied patterns in wounds 
of various ages.!^? 

These results demonstrate that adequate antimicro- 
bial concentrations can be achieved in fluid from 
fresh surgical wounds after the intravenous administra- 
tion of various antibiotics. The wound fluid concentra- 
tion of drug can be increased with increased dosages. 
Since the surgical wound is frequently the site of in- 
fection, wound fluid levels should be considered in 
the choice of appropriate prophylactic or therapeutic 
antibiotics. 
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Association of Sepsis with an Immunosuppressive 
Polypeptide in the Serum of Burn Patients 


One hundred ninety serum samples from 51 burned patients 
were tested for immunosuppressive activity which might ex- 
plain decreased host immune competence following thermal 
injury. The serum from a variable but significant percentage 
of these patients suppressed the response of normal human 
peripheral blood lymphocytes to phytohemagglutinin. The oc- 
currence of immunosuppressive activity paralleled the severity 
of the injury. Ten of ten severely burned patients (severity 
index >40), but only 20 of 30 patients with index 10—39.9, 
and three of 11 patients with Index 0-9.9 developed 
suppressive serum. Differences between these groups were 
significant (p «.05). In all 19 patients who became septic, 
immunosuppressive serum activity immediately preceded or 
coincided with the septic episode. In contrast to the effect on 
lymphocytes, burn sera stimulated fibroblast proliferation. 
Immunosuppressive activity did not correlate with serum 
cortisol levels, blood transfusion, protein-calorie malnutrition, 
or anesthesia. Suppressive sera were not cytotoxic. A majority 
of the active serum factor(s) was contained in a low molecular 
weight («10,000 daltons) polypeptide subfraction. 


HE LYMPHOCYTES OF PATIENTS subjected to opera- 

tive or accidental trauma, including burn injury, 
are hyporeactive to in vitro and in vivo stimulation. 11- 
17719,25,30,36,22 Presumably this could account, in part, for 
the susceptibility of severely traumatized patients to 
infectious complications. The mechanism of lympho- 
cyte hyporeactivity has not been established, although 
T-lymphocytes appear to be those most severely af- 
fected. Occasional reports have indicated that the 
serum of some traumatized patients contains non- 
specific immunosuppressive activity which may be re- 
sponsible, in part, for the observed defects in T-cell 
dependent immunity. ?:19:39 Strengthening this reasoning 
is evidence that lymphocytes from burn patients may 
react normally to in vitro mitogenic stimulation if first 
washed and tested in pooled, but not autologous 
serum.’ 
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Our prior reports have indicated that the serum 
of operatively or accidentally traumatized patients 
depresses the response of normal human peripheral 
blood lymphocytes to in vitro stimulation with 
phytohemagglutinin (PHA).*$5 The serum suppressive 
activity parallels (in degree and duration) the severity 
of the clinical course. The active factor(s) is con- 
tained in a low molecular weight («10,000 daltons) 
nontoxic, nonsteroidal polypeptide fraction. The fel- 
lowing longitudinal studies were designed to evaluate 
serum immunosuppressive activity in burned patients. 


Methods 
Patient Population 


One hundred ninety serum samples were drawn from 
51 patients admitted to the Medical College of Virginia 
Burn Unit. Ages ranged from 1.5 to 86 (mean 44) years. 
Control sera were obtained from 35 healthy, non- 
traumatized, hospitalized patients admitted for elective 
surgery (aged 15—63, mean 40 years). Patients known 
to have malignant neoplasms were excluded. The fol- 
lowing factors, which might be expected to influence 
serum suppressive activity, were noted: surgery, 
general anesthesia, occurrence of life threatening 
complications, immunosuppressive drugs or antibiotics 
(gentamicin, kanamycin, tetracycline, chlorampheni- 
col)?" transfusions, protein-calorie malnutrition (as 
manifested by a decrease in absolute lymphocyte 
count, serum albumin, total iron-binding capacity, or 
body weight), and the appearance of clinical sepsis 
(defined by positive blood cultures and sustained 
fever >39°). 


Severity Index 


Patients were classified according to the severity cf 
burn injury by the method of Gustafson and Hollc- 
way!* (based on age of patient, number of previous 
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medical problems, site of burn, and per cents partial 
and full-thickness injury). Severity indices ranged from 
2.88 (least severe) to 68.78 (most severe), mean 26.78. 


Lymphocyte Culture 


Serum was collected by centrifugation of clotted 
blood at 400 x g for 10 minutes and stored in sterile, 
untreated glass tubes at —4° until testing. Immuno- 
suppressive activity was defined as 50% or greater 
inhibition of the uptake of tritiated thymidine by Phyto- 
hemagglutinin-P (PHA, Difco Laboratories, Detroit, 
MI) stimulated normal human peripheral blood 
lymphocytes. The responding lymphocyte population 
was collected by Ficoll-Hypaque density gradient 
centrifugation,’ washed three times in RPMI 1640 
medium containing 25 ug/ml streptomycin and 25 u/ml 
penicillin and centrifuged for 10 minutes at 400 x g. 
Cell viability was always 95% or greater by trypan 
blue dye exclusion. All responding lymphocytes were 
from the same donor. 

We pipetted 1.5 x 10° cells per well into microtest 
II plates (Falcon, Oxnard, Ca). PHA-P was recon- 
stituted to a 1% solution according to the manu- 
facturer’s instructions and 0.01 ml of a 1/100, 1/200, or 
1/300 dilution was added to each well. Control or burn 
patient serum was added in 10% concentration. In 
our prior experiments,*9 5% fetal bovine serum had 
supplemented the culture medium in order to control 
for nutritional deficits in the patient serum which might 
hinder cell proliferation and mimic immunosuppressive 
activity. However, preliminary experiments have indi- 
cated that the results are unaffected by the addition 
of fetal bovine serum; hence it was omitted. The 
plates were incubated for 72 hours at 37? in a 5% CO, 
water-saturated atomosphere. In addition, 2.5 pCi 
[?H]-thymidine (specific activity 1.9 Ci/mM, Schwartz- 
Mann Laboratories, Orangeburg, NJ) were added per 
well. Eighteen hours later, the cells were harvested 
(Otto Semi-Automated Cell Harvester, Otto Hiller 
Co., Madison, WI) and counted in a Beckman liquid 
scintillation counter after the addition of 3 ml/well 
LSC (Yorktown Research, S. Hackensack, NJ). All 
tests were performed in triplicate. Per cent suppres- 
sion was calculated from the ratio of radioactivity 
(counts per minute, cpm). in tubes containing test 
serum to tubes containing a 1096 concentration of 
pooled homologous serum: 


cpm experimental tubes with PHA 


Z ] t 
- cpm unstimulated tubes x 100 


cpm control tubes with PHA 
— cpm unstimulated tubes 


Inhibitory activity of the protein fractions was 
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designated in immunosuppressive units, defined as the 
ratio of the total weight of the protein fraction to 
the smallest dose producing complete in vitro sup- 
pression of the lymphocyte response to PHA. Cyto- 
toxicity of serum or serum fractions was measured by 
trypan blue dye exclusion. 


Fibroblast Culture 


We incubated 5 x 10? viable cultured human fibro- 
blasts (per well) with a 1096 concentration of normal 
human serum or a panel of 15 suppressive and non- 
suppressive burn sera. Conditions were the same as 
those described above for lymphocyte culture. After 
24 hours, 2.5 aCi [*H]-thymidine were added per 
well, and the following day the cells were harvested 
and incorporation of [*H]-thymidine measured as 
detailed above. 


Chemical Determinations 


Serum cortisol was measured by the method of 
Murphy.?$ The protein nature of the low molecular 
weight fraction was determined by the method of Mehl,? 
using bovine serum albumin as a standard. 


Serum Fractionation 


Fractionation was carried out by diethylaminoethyl 
(DEAE) cellulose column chromatography? using 
gradient and stepwise elution with increasing ionic 
strength acetate buffers at pH 5. The resulting 
protein peaks were desalted individually by gel fil- 
tration and tested for immunosuppressive activity in 
doses of 0.75—6 mg/ml. The low molecular weight 
(«10,000 daltons) fraction was obtained by acidifica- 
tion of the first DEAE protein peak and ultra- 
filtration (PM-10 filter, Amicon). The material passing 
through the filter was tested for immunosuppressive 
activity at doses of 0.01 to 0.3 mg/ml. 


Results 
Whole Serum Suppressive Activity 


Of the entire population tested, 33 of 51 burn pa- 
tients, but only five of 35 control patients, developed 
suppressive serum (p « .005). Ten of ten burn patients 
with a severity index above 40 developed immuno- 
suppressive serum activity during their hospital course 
(Table 1). As the severity index decreased (less severe 
burn injury), so did the number of patients in each 
group who developed suppressive activity. Only three 
of 11 patients with index 0—9.9 developed suppressive 
serum. Differences between groups were significant 
(p < .05) by Chi-square analysis (Yates' correction). 
The degree of suppression of PHA-stimulation could 
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TABLE 1. Suppression of PHA-Stimulation of Normal Human 
Lymphocytes by Serum from Burn Patients 


Severity 

Index No. No. Suppressive % Suppressive 

0- 9.9 11 3 27 
10—19.9 9 6 67 
20—29.9 11 6 55 
30—39.9 I0 8 80 
40—49.9 8 8 100 
50—59.9 l 1 100 
60—69.9 l I 100 
70—99.9 0 0 0 


be overcome by increasing the dose of PHA. Thus, 
suppressive activity was always determined at a 1/200 
dilution of PHA, which gave maximal stimulation of 
the responding lymphocyte population. Suppressive 
activity was present in many cases on the day of 
admission and varied in degree and duration with major 
events in the clinical course (Figs. 1-5). There was 
no correlation between whole serum suppressive ac- 
tivity and the administration of blood, immunosuppres- 
sive drugs, or protein-calorie malnutrition. However, 
suppressive activity increased following surgery or the 
appearance of clinical sepsis. 

By regression analysis, there was no correlation 
(Fig. 6) between cortisol levels and immunosuppres- 
sive activity for 25 serum samples (slope = —0.0096, y 
intercept — 45.98). Burn patient serum was not cyto- 
toxic in the doses employed as judged by trypan 
blue dye exclusion. 

lo test the effect of burn serum on another cell 
type, human fibroblasts were cultured with a panel of 
15 suppressive and nonsuppressive burn sera (Table 
2). In contrast to the effect on lymphocytes, burn 
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Fic. 1. Serum suppressive activity in a healthy 30-year-old 
black man with 52% total body burn (T.B.B.) to face, neck, 
chest, arms and legs. Patient had unremarkable course for six 
days when he developed sepsis, adult respiratory distress syndrome 
and died. Each point in Figures 1—5 represents mean of triplicate 
samples + S.E. Severity index = 21.5 (71% Survival). 
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Fic. 2. Serum suppressive activity in a healthy 31-year-old 
white man with 73% T.B.B. to face, trunk, perineum, arms and 
legs who became septic on the eighth hospital day, improved on 
20th day, became septic again on 28th hospital day, improved, 


perforated Curling’s ulcer on fifty-fourth hospital day, and died 
shortly thereafter. Severity index= 24.9 (71% survival). 


serum did not suppress the uptake of [*H]-thymidine 
by fibroblasts. 

As expected, the incidence of sepsis in each group 
of patients increased with the severity of the injury 
(Table 3). Of the total 51 patients, 20 became septic. 
One patient was excluded from consideration for lack 
of serum data. Of the remaining 19 septic patients, 
all had developed immunosuppressive serum activity 
during their hospital course. In 18 of the 19 septic 
patients, the suppressive activity occurred at the same 
time as the clinical sepsis; in the remaining patient, 
sepsis followed the appearance of immunosuppressive 
activity by 24 hours. Of 31 nonseptic patients, only 
13 developed immunosuppressive activity (p « .005). 


Fractionated Serum 


The association of a circulating immunosuppressive 
polypeptide with operative or accidental trauma has 
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Fic. 3. Serum suppressive activity in 53-year-old diabetic black 
man with severe chronic obstructive lung disease and a 16% T.B.B. 
Patient underwent skin autografting on ninth hospital day, became 
septic from days 35-48. He improved and was discharged on 
fifty-eighth day. Severity index — 31.3 (4996 survival). 
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Fic. 4. Serum suppressive activity in 53-year-old healthy white 
man with 50% T.B.B. to trunk, arms, legs. Patient became 
septic on twelfth kospital day, recovered on fifty-third hospital 
day and was discharged. Severity index = 34.3 (49% survival). - 


been detailed earlier.” To determine whether or not 
the same material was recoverable from burn serum, 
burn and control serum pools were chromatographed 
to yield seven fractions. Dose-response curves are 
given for each fraction (Table 4). A number of frac- 
tions from normal or burn serum suppressed the 
lymphocyte response to PHA at one or more doses. 
When converted to immunosuppressive units (Table 5), 
it is clear that the great bulk (85%) of the (sup- 
pressive) activity was contained in Fraction I. None 
was recoverable in control serum Fraction I. Lesser 
amounts were present in Fractions III, IV, and VIII 
from both (burn and control) pools. 

The results of ultrafiltration are given in Table 6. 
Nonfiltered Fraction I was suppressive to 1.5 mg/ml. 
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Fic. 5. Serum immunosuppressive activity in an 86-year-old 
black woman with 97% T.B.B. who became septic shortly after 
admission and died on the third postadmission day. Severity index 
= 68.8 (10% survival). 
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Fic. 6. Scattergram of cortisol levels and immunosuppressive 
activity for 25 burn serum samples. 


The recovered low molecular weight (<10,000 daltons) 
fraction was suppressive to 0.01 mg/ml, while the 
material retained by the filter was no longer suppres- 
sive below 3 mg/ml. Analysis by the biuret method 
indicated that the entire weight of the low molecular 
weight fraction could be accounted for by polypeptide. 
Neither protein or peptide fractions added to stimulated 
or unstimulated cells were cytotoxic as judged by 
trypan blue dye exclusion. 


Discussion 


The T-lymphocytes of burned patients respond 
poorly to in vitro stimulation.?!?5 This may account, 
in part, for the prevalence of lethal infectious com- 
plications following thermal injury. Occasional earlier 
studies of lymphocyte hyporeactivity following surgi- 
cal or accidental trauma had noted that the serum of 
some of the patients depressed the stimulatory capac- 
ity of normal lymphocytes.!??55* A more recent re- 
port? has demonstrated that the serum of traumatized 
patients suppressed the response of normal human 
lymphocytes to PHA, and that the active factor(s) 
was contained in a nontoxic, low molecular weight 
polypeptide subfraction. The suppressive activity 
paralleled the severity of the clinical course. 

The present results extend these prior observations, 
and indicate that the serum ofa significant proportion of 
burned patients inhibits the in vitro stimulation of nor- 
mal human lymphocytes to PHA. The incidence of 
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TABLE 2. Effect of Burn Sera on Fibroblast Proliferation In Vitro 


[*H]-thymidine 


Percent Suppression Incorporation by fibroblasts 


Serum Added of Lymphocytes Mean CPM + S.E. 
None — 5,504 + 1,322 
Normal pool 0 19,333 + 3,677 
Burn Serum 
1 88 42,671 + 2,781 
2 81 29,842 + 4,484 
3 0 28,786 + 6,39] 
4 42 20,918 + 8,447 
5 20 29,468 + 5,024 
6 37 36,951 + 3,807 
7 76 23,813 + 3,354 
8 86 30,844 + 2,501 
9 2 29,886 + 3,051 
10 90 35,060 + 3,309 
1] 100 28,956 + 3,143 
12 87 21,414 + 5,416 
13 85 35,402 + 4,590 
14 17 26,028 + 4,039 
15 15 11,878 + 4,624 


suppressive serum activity was related to the mag- 
nitude of the injury, as gauged by the severity index 
method.!* This same parallel has been described for 
other types of trauma.*® Although increasing age is as- 
sociated with a diminishing lymphocyte response to 
PHA,’ no serum factor has been implicated to explain 
this phenomenon. In addition, the age distribution of 
burn and control groups did not differ. Alternatively, 
it might be argued that deficits of nutrients in burn 
serum necessary for lymphocyte proliferation might 
mimic immunosuppressive activity. However, in the 
prior report,* supplementing the culture medium with 
5% fetal bovine serum did not obliterate the inhibitory 
capacity of the serum. Furthermore, preliminary ex- 
periments had indicated that the effect of burn serum 
on lymphocyte proliferation did not differ in supple- 
mented or unsupplemented culture medium. Finally, 
the degree of in vitro: immunosuppression caused by 
burn serum could be reversed in linear dose-response 
fashion by increasing the concentration of PHA; this 
suggests that nutritional requirements are not limiting 
lymphocyte proliferation but rather that the inhibitory 
factor(s) predominated over the stimulatory one. There 
was no correlation between serum suppressive activity 
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TABLE 3. Association of Sepsis with Serum lmmunosuppressive 
Activity Following Burn Injury 


No. Septic with 


No. Septic Suppressive 
Severity Index No. Patients Patients Serum Activity 

0- 9.9 11 0 0 
10--19.9 9 ] I 
20-29,9 11 3 3 
30--39.9 10 2x 5 
40—49.9 8 8 8 
50—59.9 l ] 1 
60—69.9 1 } ] 
70—99.9 0 0 0 


and blood transfusion or the administration of immuno- 
suppressive drugs or antibiotics. 

Some ofthe burned patients underwent surgery while 
hospitalized. Anesthesia has been associated with im- 
pairment of lymphocyte response to PHA, but no 
responsible serum factor has been identified.? Our data 
supports this observation. The serum factor described 
in the present report was detectable in many pa- 
tients who had not received anesthesia, although an 
increase in serum activity commonly followed surgical 
trauma, as described earlier.? Several patients who de- 
veloped nonseptic complications (sigmoid volvulus, 
acute pulmonary edema, adult respiratory distress 
syndrome, perforated gastric ulcer) had simultaneous 
increases in serum suppressive activity. This suggests 
that serum suppression in burn patients may be 
associated with other types of "trauma," which sup- 
ports our prior results.? There was no correlation 
between serum suppressive activity and cortisol levels, 
as observed for other types of trauma. 

The suppressive factor was not a lymphotoxin as 
measured by trypan blue dye exclusion. Furthermore, 
sera which had suppressed lymphocyte stimulation ac- 
tually increased the proliferation of fibroblasts in 
vitro. Previous reports??? have suggested that a burned 
skin toxin may impair host responsiveness to Pseudo- 
monas aeruginosa infection. The material cited was a 
high molecular weight (10° daltons) complex lipo- 
protein. This distinguishes it from the nontoxic low 
molecular weight peptide fraction described here and in 
a prior report.? 


TABLE 4. Percent Suppression of PHA-Stimulation by DEAE Fractions from Burn Serum, Mean + S.E. 


AAA NNER © ae — ie DSL AAAA AA ARR 


Fraction l . II III 
Dose mg/ml 6 3 LS 0.75 2 ] 2 I 0.5 
Burn Patients 100 100 291 40 40 19 100 256 28 
Pool (n = 40) +0 +0 +5 £27 £238 + 1.8 +0 +34 +3,8 
Control Patient 5 6 0 9 Si 20 100 21 7 
Pool {n = 6) + 6.9 = 1.8 +2.4 + 3.8 +0 +49 +5 


100 
+ 9 


100 
+ 0 


IV V VI VII 
1 0.5 3 1.5 0.5 2 I 0.5 2 1 0.5 
95 48 §2 69 0 100 35 6 100 52 47 
£49 +65 +54 x59 +0 — x94 =O 211.9 x 5.7 
$9 0 85 21 24 € 24 th 100 7i 30 
+ 9.4 £360 £25: 242 + 10.9 + 5.4 +06 +62 271 
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TABLE 5. Intmunosuppressive Units for Protein 
\ Fractions from Burn Serum 
Fraction [ H HI IV V VI Vil 
Burn Serum 412 0 24 12 0 26 10 


Control Serum 0 0 18 8 0 0 15 


Column chromatography of a burn serum pool 
yielded a series of protein fractions similar to those 
described earlier for. other types of trauma.? Similarly, 
the majority of immunosuppressive activity was con- 
tained in Fraction I. Smaller amounts were recoverable 
in other fractions. It is thus possible that several 
different suppressive factors are involved, working 
either alone or together. Alternatively, a single factor 
may, depending on unknown conditions, be associated 
with one or more differently charged (carrier) proteins. 
Ultrafiltration of Fraction I protein (under conditions 
identical to those used to recover the trauma serum 
peptide) yielded a nontoxic, low molecular weight 
(<10,000 daltons) peptide fraction. This material sup- 
pressed PHA-stimulation in doses similar to those at 
which the trauma fraction was active.? The material 
retained by the ultrafilter (>10,000 daltons) was still 
immunosuppressive, but only at higher doses. Thus, it 
is possible that another, larger molecular weight frac- 
tion may contribute to the whole serum suppressive 
activity. Alternatively, it may be that not all of 
the lower molecular weight fraction was recovered, and 
that some remained unfiltered. 

There was a high degree of correlation between the 
presence of serum immunosuppressive activity and sig- 
nificant clinical sepsis. In all of the septic patients, 
the serum activity preceded or coincided with the 
septic episode, which suggests that they may be 
causally related. However, the character of this as- 
sociation is unclear; i.e., whether the septic patients 
became septic because they were immunosuppressed, 
or whether the serum merely reflected qualitatively 
the severity of their illness. 

The origin of the immunosuppressive peptide(s) is 
not known. Suppressive serum has been linked by 
circumstantial evidence to elevated alpha-globulin 
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levels, and to immunoreactive states associated with 
significant T-cell stimulation, e.g. the rejection of allo- 
grafts,** tumors," graft-versus-host disease,” and 
delayed hypersensitivity skin tests.*?! Indeed, alpha- 
globulin levels have been shown to be elevated fol- 
lowing burn injury.2 A number of laboratories have 
documented nonspecific immunosuppressive factors in 
normal and diseased states. There is little agreement 
as to the nature or site of production of the active 
material. Inhibitory substances have been derived 
from macrophages," disrupted hepatocytes,?* calf 
spleen," and lymphoblast cultures.'^ Most of these 
materials are potent inhibitors of T-cell dependent im- 
mune reactions. Mannick has described a naturally- 
occurring immunosuppressive low molecular weight 
peptide fraction derived from alpha-globulin rich Cohn 
Fraction IV which inhibits a variety of T-cell dependent 
immune reactions including the rejection of allografts*? 
and the stimulation of peripheral blood lymphocytes 
by T-cell dependent antigens and by PHA.* There is 
evidence that this, or a similar peptide(s) decreases 
resistance to experimental bacterial infection'* and the 
cytotoxic capacity of immunocompetent K cells.!9 
The association of suppressor substances with vigorous 
T-lymphocyte activity has suggested that such inhibi- 
tors may be involved in the regulation of the im- 
mune response. Clearly, the presence of abnormally 
large amounts of such a material ought to be reflected 
by immunosuppressive serum activity and might be 
expected to decrease host immune competence. The 
extraction procedure used to obtain both the naturally- 
occurring (alpha globulin-associated)?? and burn serum 
peptides(s)** were similar. It is possible that the burn 
serum and trauma serum peptide fractions represent 
excessive quantities of a naturally-occurring serum 
immunosuppressor which is associated with, or carried 
by, the alpha globulins. Whether the lymphocyte 
hyporeactivity observed following thermal injury is 
directly related to the serum suppressor is unclear. 
Circumstantial evidence suggests that the suppressive 
peptide(s) may be a chalone produced by stimulated 
immunoreactive lymphocytes which acts as a re- 
versible immunoregulator; alternatively, the peptide(s) 


TABLE 6. Suppression of PHA-Stimulation by Low Molecular Weight Fraction from Burn Serum (mean percent + S.E.) 


6 mg 3 mg 1.5 mg 
Starting Fraction 
Protein I 100 + 0 100 + 0 93 + 2.4 
Retained Protein 
Fraction 100 + 0 0 


Filtered Peptide 
Fraction 


0.75 mg 


Dose (per ml) 


0.3 mg 0.1 mg 0.03 mg 0.01 mg 


43 + 4.1 €" T" e — 


» 0 0 "a = 
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may activate a suppressor T-cell subpopulation which 
then by direct or humoral? mechanisms depresses 
host immune reactivity. 


Acknowledgments 


The technical assistance of Mrs. A. Thomas, Ms. J. Tompkins, 
Mrs. R. Spivey, Mrs. B. West, and Mrs. S. Faber is gratefully 
acknowledged. The statistical expertise of Dr. J. Godbold and Mrs. 
E. Tompkins is gratefully acknowledged. 


12. 


13. 


15. 


16. 


18. 


References 


. Alexander, J. W.: Effect of Thermal Injury Upon the Early 


Resistance to Infection. J. Surg. Res., 8:128, 1968. 


. Allgower, M., Cueni, L. B., Stadtler, K., et al: Burn Toxin 


in Mouse Skin. J. Trauma, 13:95, 1973. 


. Boyum, A.: Isolation of Leukocytes from Human Blood. Scand. 


J. Clin. Lab. Invest. Suppl., 21:1, 1968. 


. Burger, D. R., Lilley, D. P. and Vetto, M.: Lymphocyte Sup- 


pression Associated with Alpha Globulin Changes in Cellular 
Immunity. Cell. Immunol., 10:432, 1974. 


. Constantian, M. B., Menzoian, J. D., Nimberg, R. B., et al.: 


Association of a Circulating Immunosuppressive Polypeptide 
with Operative and Accidental Trauma. Ann. Surg., 185: 
T3, 1977. 


. Constantian, M. B., Menzoian, J. D. and Fisher, J. C.: A 


Method of Assessing Impairment of Immunity After Trauma. 
Surg. Forum, 26:1, 1975. 


. Cooperband, S. R., Badger, A. M. and Davis, R. C.: The 


Effect of Immunoregulatory Alpha Globulin Upon Lympho- 
cytes In Vitro. J. Immunol., 109:154, 1972, 


. Daniels, J. C., Larson, D. L., Abston, S., et al.: Serum 


Protein Profiles in Thermal Burns. J. Trauma, 14:137, 1974. 


. Espanol, T., Todd, G. B. and Soothhill, J. F.: The Effect of 


Anesthesia on the Lymphocyte Response to Phytohemag- 
glutinin. Clin. Exp. Immunol., 18:73, 1974. 


. Fernandez, L. A., MacSween, J. M. and Langley, G. R.: 


Lymphocyte Responses to Phytohemagglutinin: Age-related 
effects. Immunology, 31:583, 1976. 


. Garcia-Giralt, E., Morales, V. H. and Bizzini, B.: Prevention of 


Graft-versus-host Reaction by Incubation of Lymphoid Cells 
with a Splenic Extract. Cell Tissue Kinet., 6:567, 1973. 

Glaser, M., Nelken, D., Ofek, I., et al: Alpha Globulin 
Decreases Resistance of Mice to Infection. J. Infect. Dis., 
127:303, 1973. 

Goodman, J., Schaffner, W., Collins, H., et al.: Infection 
After Cardiovascular Surgery. N. Engl. J. Med., 278:117, 
1968. 


. Green, S. R., Wistar, R. and Sell, K. W.: Mitogen-stimu- 


lated Lymphocyte Inhibition by Supernatants of Crowded 
Lymphoblasts. Transplantation, 18:496, 1974. 

Gustafson, D. H. and Hollaway, D. C.: A Decision Theory 
Approach to Measuring Severity in Illness. Health Services 
Res., p. 97, Spring 1975. 

Hanna, N., Kalderon, R. and Nelken, D.: Inhibition of T and 
B-lymphocyte Functions by Normal Immunosuppressive Pro- 
tein. Immunology, 29:433, 1975. 


. Kay, G. D.: Prolonged Survival of a Skin Homograft in a 


Patient with Very Extensive Burns. Ann. N.Y. Acad. Sci., 
64:767, 1957, 
Lewis, M. R. and Cole, W. H.: Experimental Increase of 


SEPSIS AND THE BURN PATIENT 


19. 


20. 


21. 


22. 


23; 
24. 


25; 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


345 


34. 


35. 


36. 


37. 


38. 


39. 


215 


Lung Metastases After Operative Trauma. Arch. Surg., 77: 
621, 1958. 

MacLean, L. D., Meakins, J. L., Taguchi, K., et al.: Host 
Resistance to Sepsis and Trauma. Ann. Surg., 182:207, 1975. 

Mannick, J. A. and Schmid, K.: Prolongation of Allograft 
Survival by an Alpha Globulin Isolated from Normal Blood. 
Transplantation, 5:1231, 1967. 

Mani, M. M., Voolenec, F. J., Humphrey, L. J., et al.: 
Lymphocyte Subpopulation Alteration in Thermal Injury and 
Acute Infection. Surg. Forum, 27:560, 1976. 

McMaster, R. and Levy, J. G. Immunosuppression of Normal 
Lymphoid Cells by Serum from Mice Undergoing Chronic 
Graft Versus Host Disease. J. Immunol, 115:1400, 1975. 

Mehl, J.: The Biuret Reaction of Proteins in the Presence of 
Ethylene Glycol. J. Biol. Chem., 157:173, 1945. 

Minton, J. P. and Biamco, M. A.: Serum Alpha Globulins 
in Breast Carcinoma. Arch. Surg., 109:238, 1974. 

Munster, A. N., Eurenius, K., Katz, R. M., et al.: Cell- 
mediated Immunity After Thermal Injury. Ann. Surg., 117: 
139, 1973. 

Murphy, B. E. P.: Some Studies of the Protein Binding of 
Steroids and Their Application to the Routine Micro and 
Ultra Micro Measurements of Various Steroids in Body 
Fluids by Competitive Protein-binding Radioassay. J. Clin. 
Endocrinol. Metab., 27:973, 1967. 

Nelson, D. S.: Production by Stimulated Macrophages of Fac- 
tors Depressing Lymphocyte Transformation. Nature, 246: 
306, 1973. 

Nimberg, R. B., Menzoian, J. D., Constantian, M. B., et al.: 
An Immunosuppressive Peptide in the Serum of Cancer 
Patients. Cancer Res., 35:1489, 1975. 

Occhino, J., Glasgow, A. H., Cooperband, S. R., et al.: Iso- 
lation of an Immunosuppressive Peptide Fraction from 
Human Plasma. J. Immunol., 110:685, 1973. 

Osteen, R. T. and Wilson, R. E.: Immunocompetence Meas- 
ured by Antibody Dependent Cell-mediated Cytotoxicity in 
Surgical Patients. Surg. Forum, 27:125, 1976. 

Outteridge, P. M. and Lepper, A. W. D.: Immunosuppressive 
Factors Released by Transforming Lymphocytes in the 
Delayed Hypersensitivity Skin Response to Tuberculin. 
Immunology, 25:981, 1973. 

Rich, R. R. and Pierce, C. W.: Biological Expression of 
Lymphocyte Activation. J. Immunol., 112:1360, 1974. 

Riddle, P. R. and Berenbaum, M. C.: Postoperative Depression 
of the Lymphocyte Response to Phytohemagglutinin. Lancet, 
1:746, 1967. 

Riggio, R. R., Schwartz, G. H., Bull, F. G., et al.: Alpha 
Globulins in Renal Graft Rejection. Transplantation, 8:689, 
1969. 

Schoenenberger, F. A. Burkhardt, F., Kalberer, F., et al.: 
Experimental Evidence for a Significant Impairment of Host 
Defense for Gram-negative Organisms by a Specific 
Cutaneous Toxin Produce by Severe Burn Injuries. Surg. 
Gynecol. Obstet., 141:555, 1975. 

Slade, M. S., Simmons, R. L., Yunis, E., et al.: Immuno- 
depression After Major Surgery in Normal Patients. Surgery, 
78:363, 1975. 

Tarnawski, A. and Batko, B.: Antibiotics and Immune Proc- 
esses. Lancet, 1:674, 1973. 

Vogelfanger, I. J., Milthorp, P. and Behelak, Y.: Naturally 
Occurring Immunosuppressive Agents. Transplantation, 20: 
130, 1975. 

Vose, B. M. and Moudgel, G. C. Postoperative Depression 
of Antibody Dependent Lymphocyte Cytotoxicity Following 
Minor Surgery and Anesthesia. Immunology, 30:123, 1976. 


The Care of Vascular Endothelium in Pediatric Surgery 


P. B. MANSFIELD, M.D.,* D. G. HALL, M.D.,t G. Di BENEDETTO, M.D., L. R. SAUVAGE,S A. R. WECHEZAK' 


The influence of manipulating blood vessels by clamping, dry- 
ing, stretching and surgical anastomotic technique on the sub- 
sequent integrity of blood vessel endothelium has been studied 
in the dog. Thrombogenesis at the vessel surface was found 
in all specimens where loss of endothelium had exposed sub- 
endothelial tissues. Whether thrombotic occlusion of the vessel 
followed depended upon several local factors including the 
amount of surface area damaged and volume of blood flow in 
the vessel. All modes of vessel manipulation studied led to 
significant endothelial damage. To prevent this damage in the 
clinical setting all possible methods to avoid the exposure of 
subendothelial tissues should be used. Endothelial integrity 
is the cornerstone to success in handling blood vessels and 
avoiding thrombogenesis. This study suggests that clamping of 
blood vessels should always be done with a minimum of force, 
only preventing blood flow, and not crushing the vessel wall. 
Endothelial surfaces should never be allowed to become dry. 
Stretching should be avoided as it can lead to thrombosis within 
intact blood vessels when the endothelium is disrupted. Suture 
anastomotic techniques should be used which minimize endo- 
thelial trauma and thus avoid subendothelial tissue reactions 
which in turn may jeopardize long-term patency and growth 
at anastomotic sites. In pediatric cases where growth is an- 
ticipated interrupted suture technique should be used. This 
study suggests that many techniques currently used in vas- 
cular surgery may be compromising to short and long-term 
blood vessel patency. 


PECIAL CARE IS NEEDED in the handling, clamping 
S and suturing of blood vessels in the infant and small 
child. The repair of direct vascular trauma, decompres- 
sing shunts for portal hypertension, aortopulmonary 
shunts and the preservation of distal circulation during 
extensive tumor surgery are common examples. In many 
cases, long-term function is dependent on growth at 
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anastomotic sites and avoidance of thrombus generated 
within the vessels. 

Our previous studies of endothelium and healing of 
blood vessels!?!?7? suggested that: 1) endothelium is 
very easily damaged; 2) subendothelial tissue reaction 
at anastomotic sites is minimized when intact endo- 
thelium is present at the margins; and 3) endothelial 
integrity is necessary to prevent platelet activation and 
potential intravascular thrombogenesis.! This study 
evaluates the influence of commonly used vascular sur- 
gical techniques on endothelial integrity, subendothelial 
tissue reaction and thrombogenesis in the dog. 


Materials and Methods 


Twenty-one mongrel dogs weighing 13—40 kg were 
used for these studies. Surital was used for induction 
(17 mg/kg), a cuffed endotracheal tube was inserted 
and anesthesia maintained with Halothane (0.5— 1.046). 
Ventilation was provided by a Harvard Respirator (Spe- 
cial Model #624) at a rate of 20/min and a tidal volume 
of 15 cc/kg. 

Dissection of the carotid arteries (CA), external jugu- 
lar veins (EJV), femoral arteries (FA) ànd femoral veins 
(FV) was carried out on both sides of the animals, ligat- 
ing and dividing any branches 4—5 mm away from the 
vessel. The vessels were kept moist at all times and 
damage other than required by the protocol was care- 
fully avoided. 


Vascular Clamp Study 


Potts vascular clamps were used for this study. After 
dissecting the vessels, marking sutures were placed 
on the adventitia where the damage would be done. 
The clamp was left in place for 10 minutes, then re- 
leased, re-establishing the blood flow through the dam- 
aged vessel (Fig. 1). No anticoagulants were used. 

Two different clamping pressures were used: 1) using 
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minimum occlusive force (the minimum force neces- 
sary to stop blood flow through the vessel) and 2) full 
occlusive force of the clamp. Twenty-seven arteries 
and 27 veins were used to evaluate the damage done 
by the full occlusive and 30 arteries and 30 veins for 
the minimum occlusive. Specimens were removed after 
ten minutes, one hour, three hours, six hours, 12 hours, 
one day, two days, one week, two weeks and four 
weeks. 


Endothelial Drying Study 


For this study, 12 vessels were used (six arteries 
and six veins). After dissecting the vessel, two Potts 
clamps, using minimum occlusive force were applied to 
the vessel. Two 2 cm incisions were made and the 
vessel was irrigated with Hanks Balanced Salt Solu- 
tion (HBSS) without Ca** and Hg** to remove blood 
elements. 

Retracting stitches (6—0 Prolene) were placed in the 
adventitia at each side of the incisions to keep the 
vessels open (Fig. 1) and the proximal incision was 
left to dry at room temperature while the distal one 
was irrigated at all times with HBSS and a moist lap 
sponge was kept over the exposed section. To pre- 
vent the moisture from spreading to the dry section, 
a third clamp was placed between the two sections. 
After up to one hour, the incisions were closed with 
a continuous 6-0 Prolene suture, the clamps re- 
leased, and the blood flow re-established for two days 
to one week. 


Stretching Study 


Seven arteries and 7 veins used for this study were 
carefully dissected and a 2 cm section of each was 
stretched between fingers to one and a half to two 
times its original length. Specimens were retrieved at 
two days and one week. 


Fogarty Stripping 


A Fogarty embolectomy catheter (8—10 Fr.) with a 
5 cc balloon was used to strip the intimal surface of 
six arteries and six veins. After dissecting the vessels, 
a Potts vascular clamp was placed on the proximal 
site to stop blood flow and a 0.5—1.0 cm incision made 
longitudinally on the vessel. The catheter was advanced 
into the vessel for 5 cm, the balloon inflated and the 
catheter pulled out. The vessel was then irrigated with 
HBSS to remove debris. The incision was closed with 
a 6.0 Prolene suture. Specimens were obtained at two 
days and one week. 


Anastomotic Techniques Study 


End-to-end anastomosis of a segment of femoral vein 
to the carotid arteries was performed in four paired 
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Fic. 1. Drawing of manipulations of blood vessels used in this 
study. At the left, a vessel is cross-clamped between marking 
sutures which are used for later site identification. On the right 
are the techniques used to compare the effects of air drying on 
endothelium. One opening is kept continually moist, the other is 
allowed to dry. The central clamp prevents fluid spillover into 
the drying area. 


studies. End-to-side anastomosis of a segment of femoral 
vein around a ligated carotid artery was performed 
in three paired studies. Each study consisted of two 
shunts, one in each carotid artery. 

Two different anastomotic techniques were used (Fig. 
2). In one carotid artery a retracting stitch was placed 
in the adventita at the tip of the vein. Further handling 
of the vessel during the two anastomoses was limited 
to very careful use of forceps on only the adventitia. 
Care was taken to avoid touching the intimal surface 
of the vessel with any instrument (‘‘no touch” tech- 
nique). 

In the other carotid artery, the vein was handled 
with forceps only while the anastomoses were being 
performed. The full wall thickness was grasped with 
the forceps including the intimal surface. However, 
handling of the vessel was kept to the minimum neces- 
sary for the performance of a good anastomosis. 

Throughout these procedures, care was taken to avoid 
drying or undue tension on the vessel. Both the femoral 
vein and the carotid artery section were frequently ir- 
rigated with Mg**- and Ca*?-free HBSS. All anasto- 
moses were performed using a 6—0 Prolene running 
suture as growth was not studied during these short- 
term experiments. 


SacrificelSpecimen Preparation 


At the time of sacrifice, the animals again underwent 
Surital (17 mg/kg) induction, intubation and mainte- 
nance with Halothane anesthesia. The incision sites were 
reopened and the vessels carefully exposed. Three min- 
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Fic. 2. Drawing of the two different anastomotic techniques 
evaluated in this study. Insert: ‘‘No touch" technique where an 
adventitial suture is placed for movement control of the open end of 
the vessel. During suturing, only the adventitia is handled with 
forceps, the intima is never touched (middle right). At the lower 
left is a commonly used technique where the entire vessel wall, both 
adventitial and intimal surfaces, are handled with forceps during 
suturing. 


utes prior to removal of the specimens, 2 mg/kg of 
sodium heparin was administered intravenously. 

Immediately after excision, the specimens were placed 
in Catt- end Mgtt-free HBSS and thoroughly ir- 
rigated to remove extraneous blood. The specimens 
were then placed in fresh Hanks, rinsed again, opened 
and photographed. Each specimen was then processed 
for both histologic and scanning electron microscopic 
(SEM) evaluation. 

Half of each specimen was fixed in 10% buffered 
formalin for histologic processing, sectioned and stained 
with hematoxylin and eosin. The other half was pro- 
cessed for scanning electron microscopy. The SEM 
sections were fixed in 6.25% glutaraldehyde in 
0.1M sodium cacodylate buffer for six to 24 hours at 
4°. After fixation, the specimens were transferred to 
7.5% sucrose in 0.1M sodium cacodylate buffer for 
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48—72 hours at 4? and then to 0.1M sodium cacodylate 
buffer at 4°. The specimens were held in 0.1M sodium 
cacodylate buffer at 4? for a minimum of one hour 
until critical point drying was done in a Bowmar SP 
900 unit. The specimens were then coated with a 300 
A layer of carbon and gold palladium. The specimens 
were studied in a Cambridge Stereoscan Mark H-A 
electron microscope. Photographs were taken with Pola- 
roid 55 P/N film. 

We found that great care was necessary during the 
preparation of SEM specimens to minimize ‘‘proces- 
sing artifacts." Handling of specimens was kept at a 
minimum and surface drying was carefully avoided. 


Results 
Vascular Clamp Study 


The Potts vascular clamp used in this study caused 
significant endothelial damage within all vessels to which 
it was applied. In every vessel the endothelial layer 
was disrupted and the subendothelial tissues exposed. 
It was not possible to determine if the intima was cut 
and retracted or whether the clamp crushed the cells to 
expose subendothelial tissues. Actual crush injury to - 
the remainder of the vessel wall varied directly with 
wall thickness. Hence, the carotid artery showed the 
greatest amount of crush injury, the femoral artery 
less, and the veins the least at any given clamping 
force. 


Minimum Occlusive Force 


A typical example of the damage done when minimal 
occlusive force was used is shown in Figures 3-5. 
The endothelial loss was almost circumferentially com- 
plete in most specimens. Areas of minimal damage were 
occasionally found, especially in venous specimens 
where in two specimens a short portion of intact endo- 
thelial surface was found (Fig. 3, c). The ridging seen 
on this arterial endothelium is related to the underlying 
internal elastic lamina, and is found when specimens 
have not been fixed at normal vascular pressures.? The 
regenerating endothelium however does not form 
ridges and this suggests that the inner elastic lamina 
has also been damaged. H&E sections confirmed that 
damage to the inner elastic lamina was invariably 
present with the clamp used. 

The response of platelets, white blood cells and 
fibrin production (P-W-F response) to the exposed suben- 
dothelial tissues was similar to reports of others. 12/65:9.14.18 
Initially, platelets, then WBC attachment followed by 
fibrin formation occurred within the first hour after 
clamp release. A dynamic balance of thrombus gen- 
eration and removal reached equilibrium usually by 
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Fic. 3. (left) Scanning electron micrograph (SEM) of endothelial surface of canine femoral artery two days after a ten minute application of a 
Potts clamp (two locations) at minimum occlusive force. There has been discrete loss of endothelium in the distribution of the 
clamp blade. (right) Line drawing of SEM at left, showing the two areas where the clamp was applied A and B. Dotted square area is enlarged 
in Figures 4 and 5. C is an area of nondisrupted endothelium frequently seen in minimum occlusive specimens. 


24 hours. The depth and degree of this thrombogenic 
response varied and appeared to be influenced by both 
rheologic factors as well as the surface area of exposed 
subendothelial tissue. Thrombus depth was less in high 


flow, high velocity vessels (arteries) and more prominent 
in lower velocity vessels (veins). Since the clamp did 
less damage to the veins than to the arteries, quantita- 
tive evaluation of this relationship was not possible. 





Fic. 4. (left) SEM of endothelial damage from minimum force clamping after two days (from Fig. 4B). There has been a clean separation of 
endothelial margins which tapers toward the tip of the clamp where an undamaged area is present at the bottom (x 108). (right) Line drawing 
of SEM at left. Dotted square shows area seen at higher magnification in Figure 5. DM: damage margin. ER: endothelial ridges seen in 


non-pressurized arterial specimens.? 
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Fic. 5. (left) SEM of area damaged as in Figures 3 and 4. At only two days, there is almost complete covering of the previously denuded 
area by regenerating endothelial cells. Only occasional WBC and platelets are seen where covering is not quite complete. Surviving 
endothelium at the damage margins shows no evidence of platelet adhesion or aggregation (X542). (right) Line drawing of SEM at left to 
identify structures. DM: damage margins (surviving endothelial margins). RE: regenerating endothelial cells. WBC: white blood cells. 


Regeneration of endothelium occurred from the mar- 
gins of the surviving endothelium. After minimum oc- 
clusive clamping, cells began to cross the exposed sub- 
endothelial tissue as early as 12 hours after injury. 
It was often complete by 48 hours with minimal, if any, 
evidence of residual P-W-F response found in the area. 
The new endothelial covering consisted of a flattened 
monolayer of endothelial cells which did not form ridg- 
ing on fixation without pressurization (Fig. 5). Surviv- 
ing endothelial cells at the damage margin had also re- 
gained full antithrombogenic capability and platelets 
and WBC were no longer seen on their surface. 


Maximum Occlusive Force 


When the maximum occlusive clamp force was ap- 
plied to a vessel, the endothelial damage was severe 
(Fig. 6). The depth of damage varied with vessel wall 
thickness, being greatest in the thicker walled arteries. 
In addition to the damage due to crush in the cleft area, 
endothelial disruption back from the edge of the clamp 
site was also found (Fig. 6, ED). Subsequent ex- 
periments suggest this was caused by local stretching of 
endothelial surface. Within the cleft, active thrombus 
generation was always found, until complete endothelial 
covering had occurred. 

The response of platelets, WBC and fibrin genera- 
tion (P-W-F) was similar in time course to the minimum 
occlusive studies. However, the degree of response 


was much greater, with more thrombus generated and 
the reaction extended well back from the clamp damage 
site. Endothelium 1-3 mm away had attached platelets 
and WBC's with increasing incidence of thrombus pres- 
ent as one scanned toward the cleft. An equilibrium 
state of thrombus generation and removal was reached 
later than in the minimum occlusion studies. Equilibrium 
was rarely found before 48 hours after injury. 

Endothelial regeneration started from the surviving 
endothelial cells at the damage margins, but was not 
well defined at 48 hours (Fig. 7). Surviving cells at the 
damage margin showed evidence of platelet and WBC 
attachment. Endothelial cells were found bridging be- 
tween adjacent ridges. 

At seven days (Fig. 8) most of the specimens showed 
a complete covering of the previously exposed sub- 
endothelial tissues and no surface reaction with platelets 
or WBC. Surviving endothelial cells at the damage mar- 
gin had regained full antithrombogenic capability by 
the seventh day in all specimens. 


Endothelial Drying Study 


In this study, the endothelial surface of a vein or 
artery was exposed to the air until dry, the vessel re- 
paired and blood flow restarted. A continuing reaction 
led to severe endothelial cell damage. Two days follow- 
ing drying, from 50 to 100% of the endothelium had - 
become necrotic or detached and an intense WBC and 
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Fic. 6. (left) SEM of endothelial surface of canine carotid artery one week after a ten minute application of a Potts clamp at full occlusive 
power. There remains a deep cleft in the vessel wall with some regenerating endothelial cells at the damage margins. The majority of the 
cleft remains denuded of endothelium, with platelet, WBC and fibrin complexes on the surface (see Fig. 11 and compare damage to minimum 
occlusive force damage in Fig. 3) (x45) (right) Line drawing to identify structures in SEM at left. DC: damage cleft. ED: endothelial 
damage, now regenerated, back from the cleft. RE: regenerated endothelium. 


mild platelet reaction covered the exposed subendo- 
thelial tissues. Figure 9a shows the response as seen 
under the light microscope. In the SEM photo of the 
same specimen there are dead and dying endothelial 


cells covered with WBC's (lower right) and some in- 
dividual platelets. Just above and to the left of center 
is a group of endothelial cells with less damage and 
fewer WBC's on the surface. Endothelial regeneration 





Fic. 7. (left) SEM of endothelial surface of canine femoral artery two days after a ten minute application of a Potts clamp at 
maximum occlusive force. Endothelial regeneration at the damage margin has begun slowly (compare to Fig. 5) and WBC and 
platelet adhesion to the surviving endothelial margins suggests cellular damage there. Platelets, WBC and fibrin cover the exposed 
subendothelial tissues (x522). (right) Line drawing to identify structures in SEM at left. RE: regenerating endothelium. P-W-F-: platelets, 
WBC and fibrin complexes on surface of subendothelial tissues. PL: Platelet attachment on cells at surviving endothelial margin DM. 
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Fic. 8. (left) SEM of endothelial surface of canine femoral artery, seven days after a ten minute application of a Potts clamp at full occlusive 
force. Endothelial regeneration over the subendothelial tissues is complete and the surface no longer attracts platelets, WBC and fibrin. The 
surviving endothelial cells at the damage margins are also once again nonthrombogenic at their surface (compare to Figures 4—6) (x 108). 
(right) Line drawing to identify structures in SEM at left. RE: regenerated endothelium. DM: surviving endothelial cells at damage margin. 
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Fic. 9a. Light photomicrograph of canine jugular vein two days after endothelial surface was exposed to drying in air. There is a marked in- 
filtrate of white blood cells at the vessel surface (lumen above). No intact endothelial cells can be recognized (x200). 
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Fic. 9b. SEM of surface of 
same specimen Figure 9a. 
Massive WBC adhesion 
and single platelet adhesion 
without aggregation is seen. 
Central area of less severe 
cell damage has fewer WBC 
(x505). 


had begun in one-week specimens but due to the large 
surface area damaged, covering was not complete within 
the seven day experimental time period. 

In contrast were the findings when the exposed sur- 
face had been kept moist with Hanks balanced salt solu- 
tion. In Figure 9c the endothelium is seen to be intact 
without surface reaction. The moist surface results were 
identical to control studies in which the vessels had 
not been handled before specimen removal and had only 
been in contact with blood. 


Stretching Study 


These studies demonstrated that longitudinal stretch- 
ing of intact arteries or veins to one and one-half to 
two times their own length (even in very short seg- 
ments) led to endothelial damage (Fig. 10). Splitting of 
endothelium with damage margin retraction (greater in 
arteries than in veins) occurred at right angles to the 
longitudinally applied force. Large areas of subendo- 
thelial tissues were exposed and led to a marked plate- 
let, WBC and fibrin reaction on the surface. Despite 
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this exposed surface area, all veins and arteries re- 
mained patent and the surface reactions did not en- 
croach significantly on the lumen. 


Fogarty Catheter Study 


These studies demonstrated, as have others,’ that 
passing an inflated balloon catheter down either a vein 
or an artery resulted in removal and/or destruction of 
all the endothelial cells in that segment. The following 
surface reaction was intense and led to complete 
thrombotic occlusion in two of six veins and one of six 
arteries. In the vessels which remained patent, active 
thrombogenesis was seen on the exposed sub- 
endothelial tissues at two days and seven days 
(Fig. 11). Endothelial regeneration which began at the 
damage margins was not complete at 1 week following 
the injury. 


Anastomotic Techniques Study 


Both a common vascular anastomotic technique and 
the ‘no touch” technique (Fig. 2) worked satisfactorily 
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and all anastomoses were patent. Once the "no touch" 
technique had become familiar to the surgeon, there 
was no time difference for completing the anastomo- 
sis with either technique. Initial end-to-side studies 
were changed to end-to-end studies when thrombus 
was found in the blind ends of the carotid artery 
which had been ligated to divert blood through the 
vein graft. Thrombus was frequently seen at the 
anastomosis using the common vascular technique. 

Scanning electron microscopy revealed significant 
differences in the anastomotic surfaces depending on 
the technique used. Handling the vein with forceps 
which touch both sides of the wall (common technique) 
(Fig. 12) led to disruption of the venous endothelium, 
exposure of subendothelial tissues and local thrombus 
formation at seven days. 

The **notouch" technique which avoids touching the 
endothelial surface did not disrupt the venous endo- 
thelial surface and smooth even healing of venous 
and arterial endothelium at seven days was the rule 
(Fig. 13). 
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Fic. 9c. Light photomicrograph of canine jugular vein two days after endothelial surface was exposed but kept moist in Hanks balanced salt 
solution. Same animal and vein as in (Figures 9a and b) (lumen above). The endothelium is intact, without evidence of degeneration or 
surface reaction. Result is identical to histology of control veins never opened and always exposed to blood (x200). 


Discussion 


Work which led to the tissue culture techniques 
needed to maintain and serially passage endothelial 
cells in tissue culture demonstrated the extremely 
delicate nature of these cells.?? These cultured cells 
were grown as a monolayer on the surface of a non- 
porous prosthetic graft which was inserted into the des- 
cending aorta of the autologous calf. No significant 
reaction occurred in the subendothelial tissues at the 
aorta to graft anastomosis, and no thrombus was 
found on the intact surface. Without the endothelial 
cell covering, a marked subendothelial reaction oc- 
curred in the aorta and a heavy layer of thrombus 
was generated on the surface of the graft. It appeared 
that the endothelial lining of the artificial graft, which 
is a monolayer and does not have subendothelial 
tissues, had, by contact inhibition, stopped the usual 
tissue reaction in the aortic wall." 

Techniques to culture human endothelial cells were 
subsequently developed,!? but as in the animal cultures, 
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Fic. 10. (left) SEM of endothelial surface of canine femoral artery two days after stretching of the segment to 1.5-2 times its original length. 
There has been severe splitting and retraction of the endothelium with exposure of large areas of subendothelial tissues. Vessel was not opened 
at the time of stretching. (right) Line drawing to identify structures in SEM at left. DM: retracted damage margins. SE: exposed subendothelial 


tissues. 1 shows direction of stretching force originally applied. 


the cells were found to be easily damaged and finicky 
about their environment. It was the combination of no 
subendothelial tissue reaction, when the endothelium 
was intact, and the ease with which these specialized 
cells could be damaged that led us to study the effects 


of commonly used surgical techniques on endothelial 
integrity and subendothelial tissue reaction. Postopera- 
tive growth, patency and function of anastomoses 
appear to depend upon the prevention of subendothelial 
tissue exposure and subsequent thrombogenesis. 





Fic. 11. (left) SEM of endothelial surface of canine femoral artery seven days after Fogarty catheter was passed through the area. The vessel 
was patent. This high magnification photo is an excellent example of the platelet, WBC and fibrin reaction which occurs at the surface of 
subendothelial tissues when exposed by loss of their endothelial covering (x2035). (right) Line drawing to show structures in SEM at left. 
PL: platelets. F: fibrin. WBC: white blood cells. 
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Fic. 12. (left) SEM of an end-to-side anastomosis between canine femoral vein (above) and carotid artery (below) seven days after surgery. 
Usual vascular techniques of holding both sides of the vein wall with forceps during suture placement were used (see Fig. 2, lower left). 
The surface of the vein (above the suture line) is disrupted and folded back endothelium with surface thrombus is present. Large areas of 
exposed subendothelial tissues remain (x22). (right) Line drawing to identify structures in SEM at left. —SL-»: suture line. SE: exposed 
subendothelial tissues. DE: disrupted endothelium. AE: arterial endothelium. VE: venous endothelium. 


One of the most basic functions of endothelium is 
to prevent exposure of the subendothelial tissues to 
circulating blood elements.'' Once the tissues are ex- 
posed, thrombogenesis is initiated and the stage is set 
for variable degrees of subsequent thrombus gen- 
eration.'^ The loss of endothelium also appears to 
precede intimal hyperplasia and subendothelial scar- 
ring.®! This subendothelial reaction may account for 
the lack of growth at some vascular anastomoses in 
infants and children. 

This study demonstrated that physical trauma, iden- 
tical to that occurring during vascular surgical pro- 
cedures, can result in complete loss of endothelium in 
the damaged area. ^ * The clamps used in these studies 
imparted both cutting and crushing injuries to blood 
vessel walls. The endothelium was always damaged. 
The remaining wall damage was proportional to wall 
thickness and clamp force (Figs. 3, 5-7). The greater 
the clamping force, the longer it took for endothelial 
regeneration and therefore the longer the time active 
thrombogenesis was present. 

Cells adjacent to the damage margins were found to 
be the source of regenerating endothelium. When the 
injury was severe, the start of endothelial regeneration 
was delayed. The surface area of damage was also 
greater with increasing clamp force, so the time to 
complete endothelial covering was further prolonged in 
these animals. 


In addition to clamp damage, drying of endothelial 
surfaces led to subsequent endothelial desquamation 
and a particularly intense leukocyte response. Platelets 
were present on the vessel surface but usually singly 
and without evidence of aggregation and the release re- 
action. 

Since the arterial clamp studies did not show ridg- 
ing in the area of injury, (Fig. 4) (nonpressurized 
fixation) we assumed, and histologic sections con- 
firmed, the loss of the internal elastic lamina. In 
contrast, the injury caused by drying did not involve 
loss of the elastic lamina as shown by histologic 
sections (Fig. 9). Ridging was seen in surface- 
dried (unpressurized fixation) arterial specimens sug- 
gesting the internal elastic lamina was functionally 
intact.5* Platelets adhere to minimal damage areas on 
endothelial surfaces but have not been found to 
undergo aggregation and the release reaction at these 
sites. Aggregation and release has not been seen on 
the elastic lamina!! either. Thus, the damage from 
drying may not lead to complete exposure of sub- 
endothelial tissues. Long-term studies need to be done 
to evaluate whether chronic damage can occur with an 
intact inner elastic lamina. Reversible intimal thicken- 
ing is known to occur between the inner elastic 
lamina and the vessel lumen in rat carotid arteries." 

Stretching caused endothelial disruption which in- 
cluded the internal elastic lamina (see absence of 
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Fic. 13. (left) SEM of an end-to-side anastomosis between canine femoral vein (above) and carotid artery (below) seven days after surgery. 
Same animal was as in Figure 12. The “no touch” technique of anastomosis was used. The venous endothelium is intact, there is no 
exposed subendothelial tissue. Note the difference in surface texture between fixed arterial and fixed venous endothelium. The arterial surface 
is corrugated with ridges while the venous surface appears as a smooth cobblestone surface. Arterial surfaces become smooth if fixed at above 
normal diastolic pressures (x22).* (right) Line drawing to identify structures in the SEM at the left. SL: suture line. VE: venous endothelium. 


S: suture. AE: arterial endothelium. 


ridging in Fig. 10). The usual reaction to exposed 
subendothelium occurred with platelet, WBC and fibrin 
formation on the surface. 

Fogarty balloon endothelial stripping removed both 
endothelium and the internal elastic lamina in some 
arteries but only the endothelium in others. When 
both were removed a marked platelet, WBC and fibrin 
reaction was seen (Fig. 11). When only the endo- 
thelium was removed, single adherent but nonag- 
gregated platelets were seen without significant 
numbers of WBC’s or fibrin. 

Several other modes of endothelial damage not 
evaluated in this study are known.™!?1517 Whether 
thrombus progresses to occlusion of the lumen is 
dependent on several factors! among which are: blood 
flow and turbulence,'^ fibrinolytic activity,'? rate of 
endothelial regeneration, presence of anticoagulants, 
and the surface area of exposed subendothelial tissues. 

Embolic phenomena have not been evaluated during 
this study. The clinical implications of these findings 
may have significance especially for the infant and 
child. It takes less thrombus to occlude a small ves- 
sel than a large vessel. Damage which leads to sub- 
endothelial proliferation may infiuence later develop- 
ment of a vessel or growth at the site of anastomoses. 
To avoid damage and create the best environment for 
later growth one should use all means possible to 
prevent endothelial damage. Some methods suggested 


by our findings include: 1) minimal clamping pressure to 
stop flow in the vessel; 2) avoid drying of endothelial 
surfaces; 3) avoid stretching of vessels including 
tension at suture lines; 4) use the minimum inflation 
pressure needed to effect balloon embolectomies; 5) 
use or devise interrupted suture anastomotic tech- 
niques which minimize endothelial trauma. 


Summary 


The influence of clamping, drying, stretching and 
surgical anastomotic technique on the subsequent in- 
tegrity of blood vessel endothelium has been studied 
in the dog. Thrombogenesis at the vessel surface 
was found in all specimens where loss of endo- 
thelium had exposed subendothelial tissues. Whether 
thrombotic occlusion of the vessel followed depended 
upon several local factors including surface area 
damaged and blood flow in the vessel. 

All methods of influence studied led to significant 
endothelial damage and suggested the following clinical 
implications: 


1) Endothelial integrity is the cornerstone to success 
in handling blood vessels and avoiding thrombo- 
genesis—prevention of exposure of subendo- 
thelial tissues is the goal. 

2) Clamping of blood vessels should always be done 
with a minimum of force. 
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3) Endothelial surfaces should never be allowed to 
become dry. 
4) Stretching can lead to thrombosis within intact 
blood vessels when the endothelium is disrupted. 
5) Interrupted suture anastomotic techniques should 
be used which minimize endothelial trauma and 
thus avoid subendothelial tissue reactions which 
in turn may jeopardize long-term patency and 
growth at anastomotic sites. 
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disease, febrile illness or GI disorders, and 
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the regimen you recommend. 
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Economically priced; costs no more than many 
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Rx only guarantees your involvement in tota/ 
patient management. In addition, with Rx only 
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reimbursement. 
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the low-back patient 
and his problems: 


Chances are you frequently 
see patients with musculo- 
skeletal conditions which are 
caused or aggravated by 
assembly line jobs where 
they must perform the 

same activity over and 

over again. Those work- 

ers whose jobs require 
repetitive lifting or 

bending are most 

likely to complain of 
low-back discomfort. 
Unnatural motions 

repeated for hours on 

end can place undue 

strain on the ligaments, 
muscles and vertebrae of 
the lower back, even 

though the objects lifted 

are not heavy. These cases 
are especially difficult 

to manage if the patient 
must return to the same / 
job after treatment. While f” 
he can’t avoid lifting f 4 
altogether, he can 

benefit from practical 
instructions on the 

correct way to lift 

and suggestions on 

how to break up 

his routine. 





Lift with the legs, never the back 
This rule applies, even when picking up a 
scrap of paper. The patient should never 
bend forward or sideways from the waist, 
or lift from a bending-forward position. He 
will better understand why it is important 
to let the legs do the lifting if you explain 
that those strong bones and powerful 
muscles can withstand the strain far better 
than 24 movable vertebrae in a curved 
line. You may find it helpful to demonstrate 
the correct way to lift. Squat in front of the 
object keeping it close to the body. Then 
slowly rise to a standing position. The patient 
should never lift with his legs straight. 


Advice to all low-back patients 

Avoid lifting objects from car trunks, 
reaching over furniture to open windows, 
etc. Don't make beds or run the vacuum 
cleaner when the back is “acting up” If the 
patient's job requires repetitive lifting or 
bending, he should follow correct proce- 
dures and periodically take a rest to break 
up his routine. He may be able to perform 
the work seated or standing with one foot 
resting on a small stool. Perhaps his 
employer can find something different for 
him to do occasionally. If his back con- 
tinues to bother him, he will probably have 
to consider getting a different kind of job. 


as an adjunct in the relief of discomforts associated 
with acute, painful musculoskeletal conditions 


(Methocarb 


the Robaxin regimen: 


Bed 

Complete bed rest on a very firm mattress 
is usually indicated in the home treat- 
ment of acute low-back discomfort. 
Board LN 
Have patient insert section of 

1/2" or 34" plywood between 

mattress and box springs. 

Heat 

The judicious use of moist heat 

is often very beneficial. 


Robaxin-750 can relieve the 
discomforts associated with acute 
musculoskeletal conditions. It is a 
well tolerated agent which can 
provide significant relief, usually 
without serious adverse reactions. 
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750 mg capsule-shaped tablets 
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Indications: 

As an adjunct to rest, physical therapy, and other 
measures for the relief of discomforts associated 
with acute, painful musculoskeletal conditions. The 
mode of action of this drug has not been clearly 
identified, but may be related to its sedative proper- 
ties. Methocarbamol does not directly relax tense 
skeletal muscles in man. 


Contraindications: 
Robaxin is contraindicated in patients hyper- 
sensitive to any of the ingredients. 


Warnings: 

Safe use of Robaxin has not been established 

with regard to ible adverse effects upon fetal 
development. fore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential benefits 
outweigh the possible hazards. 


Precautions: 

Safety and effectiveness in children below the age 
of 12 years have not been established. 

It is not known whether this drug is secreted in 
human milk. As a general rule, nursing should not 
be undertaken while a patient is on a drug since 
many drugs are excreted in human milk. Metho- 
carbamol may cause a color interference in certain 
screening tests for 5-hydroxyindoleacetic acid 
(5-HIAA) and vanilmandelic acid (VMA). 


Reactions: 
Lightheadedness, dizziness, drowsiness, nausea, 
allergic manifestations such as urticaria, pruritus. 
rash, conjunctivitis with nasal congestion, blurred 
vision, headache, fever. 


Dosage and Administration: 

Initial dosage, 2 tablets q.i.d.; maintenance dosage, 

1 tablet q.4h. or 2 tablets t.i.d. 

Six grams a day are recommended for the first 48 

to 72 hours of treatment. (For severe conditions 8 

que a day may be administered.) Thereafter, the 
osage can usually be reduced to approximately 

4 grams a day. 
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*Skin and soft-tissue infections, including 
peritonitis, caused by susceptible strains of 
staphylococci (both penicillinase and 





nonpenicillinase-producing), group A | 15 30 45 60 90 120 
beta-hemolytic streptococci, Escherichia Rose (Mines) 
coli, Proteus mirabilis, and Klebsiella 

t Administered to six patients by rapid lI. V. infusion Please see opposite page for 


t Administered to ten patients over a thirty-minute period 





summary of prescribing information 


In serious skin and soft-tissue infections * 


- OFTEN USEFUL 








As you know, skin and soft-tissue infections* including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses...even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
becomes irreversible...exactly when it is most needed 

Eleven years after its introduction. Keflin continues to be 
effective against most strains of gram-positive and gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections * Therefore. when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function 

Keflin should be given cautiously to penicillin-sensitive 
patients 

It is contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 


* Skin and soft-tissue infections. including peritonitis. caused by susceptible strains 
of staphylococci (both penicillinase and nonpenicillinase-producing). group A 
beta-hemolytic streptococc . Esch. coli, Pr. mirabilis and Klebsiella 
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WHEN MOST NEEDED 


Brief Summary. 

Consult the package literature for 
prescribing information. 

Indications: Keflin® (cephalothin sodium 
Lilly), Neutral. for Injection, is indicated for the 
treatment of serious infections caused by 
susceptible strains of the designated micro 
organisms in the diseases listed below 

Skin and soft-tissue infections. including 

peritonitis, caused by staphylococci (peni 
cilliInase and nonpenicillinase-prodi ICING) 
group A beta-hemolytic streptococci 
Escherichia coli. Proteus mirabilis. and 
Klebsiella 
Bone and joint infections caused by 
Staphylococci (penicillinase and 
nonpenicillinase-producing) 
Contraindication: Previous hypersensitivity 
to cephalosporins 
Warnings: BEFORE CEPHALOTHIN 
THERAPY IS INSTITUTED, CAREFUL 
INQUIRY SHOULD BE MADE CONCERN 
ING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND 
PENICILLIN. CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES 

There is some evidence of partial cross 
allergenicity of the penicillins and the 
cephalosporins Severe anaphylactoid 
reactions have been reported with both drugs 

Patients with allergy and hypersensitivity 
should receive antibiotics cautiously and 
only when necessary 

Usage in Pregnancy — Safety for use during 
pregnancy has not been established 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy. If an allergic reaction occurs 
discontinue the drug and treat the patient with 
usual agents 

Although alteration in kidney function is 
rare, evaluation of renal status is recom 
mended. Patients with impaired renal f 
tion should be placed on a reduced dosage 
schedule to prevent excessive serum con 
centrations. Consult prescribing information 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A false 
positive reaction for glucose in the urine has 
Deen observed with sorne tests but not with 
Tes-Tape" (urine sugar analysis paper, Lilly) 
Adverse Reactions: Maculopapular rash 
urticaria, pain, induration. tenderness. eleva 
tion of temperature, reactions resembling 
serum sickness, anaphylaxis. eosinophriia 
drug fever. neutropenia. thromboc vtopenia 
hemolytic anemia. thrombophlebitis transient 
rise in SGOT and alkaline phosphatase. rise 
in BUN, decreased creatinine clearance. and 
a positive direct Coombs test have been 
reported 


Addit nai intormation available to the 


Eli Lilly and Company 
Indianapolis, Indiana 46206 


If you're using |!|! 
only because bupivacaine hydrochloride - 





of its prolonged action... 





yorr mi. .ingy tur. 
- other important reasons. 





iL More control of motor block 


The variety of Marcaine dosage strengths and the ability of 
Marcaine to provide complete sensory block with or without 
Significant motor block gives you more control during surgical 
procedures. ' 


D- Less need for postoperative analgesics 


Marcaine with or without epinephrine has been demonstrated to 
postpone or reduce significantly the need for postoperative 


narcotics. ' 
Results vary with the procedure and the dose administered. 


a. Greater postoperative patient mobility 


Y Of 20 patients with flank incision, half were given intraoperative 
bupivacaine (Marcaine) intercostal blocks. Those who were given 
Marcaine required less pain medication, were sitting up 2 days 
earlier, walking 3 days earlier, and took a regular diet 2 days 
sooner? Ability to cough and breathe deeply was also greater 
in the Marcaine patients. 


The local anesthetic with more reasons to use it than any other. 


fflarcaine hydrochloride 


brand of 


bupivacaine hydrochloride 


See important product information concerning warnings, adverse reactions, patient selection, and 
prescribing and precautionary recommendations on the next page. As with any local anesthetic. 
inadvertent intravascular injection may result in general convulsions. 


Please see following page for full prescribing information 


with or without 
epinephrine 1:200,000 
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The long-acting local anesthetic that gives you: 


1. More Control of Motor Block 
2. Less Need for Postoperative Analgesics 
3. Greater Postoperative Patient Mobility 


MARCAINE* Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, 
infiltration, sympathetic block, caudal, or 
epidural block. 


Contraindication: Marcaine is contraindicated 
in patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT 
AND DRUGS SHOULD BE READILY 
AVAILABLE WHEN ANY LOCAL 
ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits and 
there is no evidence of harm to the animal 
fetus. The relevance to the human is not 
known. Safe use in pregnant women other 
than those in labor has not been established. 


Until further clinical experience is gained, 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia frequently 
follows paracervical block with some amide- 
type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be 
present in prematurity, toxemia of pregnancy, 
and fetal distress. 


The obstetrician is warned that severe 
persistent hypertension may occur after 
administration of certain oxytocic drugs, if 
vasopressors have already been used during 
labor (e.g., in the local anesthetic solution or 
to correct hypotension). 


Solutions containing a vasoconstrictor, 
particularly epinephrine or norepinephrine, 
should be used with extreme caution in 
patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 


Local anesthetics which contain 
preservatives, i.e., those supplied in multiple 
dose vials, should not be used for caudal or 
epidural anesthesia. 


Until further experience is gained in children 
younger than 12 years, administration of 
Marcaine in this age group is not 
recommended. 


Precautions: The safety and effectiveness 

of local anesthetics depend upon proper 
dosage, correct technique, adequate 
precautions, and readiness for emergencies. 


The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
high plasma levels and serious systemic side 
effects. Injection of repeated doses of 
Marcaine may cause significant increase in 
blood levels with each additional dose, due 
to accumulation of the drug or its metabolites 
or due to slow metabolic degradation. 


Tolerance varies with the status of the patient. 


Debilitated, elderly patients and acutely ill 
patients should be given reduced doses 
commensurate with age and physical 
condition. 


Solutions containing a vasoconstrictor should 
be used cautiously in areas with limited blood 
supply, in the presence of diseases that may 
adversely affect the patient's cardiovascular 
system, or in patients with peripheral vascular 
disease. 


Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide-type 
local anesthetics. 


Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 
employed in patients during or following the 
administration of chloroform, halothane, 
cyclopropane, trichloroethylene, or other 
related agents. In deciding whether to use 
these products concurrently in the same 
patient, the combined action of both agents 
upon the myocardium, the concentration and 
volume of vasoconstrictor used, and the time 
since injection, when applicable, should be 
taken into account. 


Caution is advised in administration of repeat 
doses of Marcaine to patients with severe 
liver disease. 


Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A major 
cause of adverse reactions to this group of 
drugs is excessive plasma levels, which may 
be due to overdosage, inadvertent 
intravascular injection, or slow metabolic 
degradation. 


Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and the 
cardiovascular system. The central nervous 
system effects are characterized by excitation 
or depression. The first manifestation may be 
nervousness, dizziness, blurred vision, or 


tremors, followed by drowsiness, convulsions, 


unconsciousness, and possibly respiratory 
arrest. Since excitement may be transient or 
absent, the first manifestation may be 
drowsiness, sometimes merging into 
unconsciousness and respiratory arrest. 
Other central nervous system effects may be 
nausea, vomiting, chills, constriction of the 
pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels 
may include depression of the myocardium, 
blood pressure changes (usually 
hypotension), and cardiac arrest. In 
Obstetrics, cases of fetal bradycardia have 
occurred (see Warnings). 









Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or diminished 
tolerance, are characterized by cutaneous 
lesions (e.g., urticaria), edema, and other 
manifestations of allergy. Detection of 
sensitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal 
anesthesia also may include: high or total 
spinal block; urinary retention; fecal 
incontinence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower 
extremities; headache and backache; and 
slowing of labor and increased incidence of 
forceps delivery. 


Treatment of Reactions. Toxic effects of local 
anesthetics require symptomatic treatment; 
there is no specific cure. The physician 
should be prepared to maintain an airway 
and to support ventilation with oxygen and 
assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when 
appropriate, vasopressors (preferably those 
that stimulate the myocardium). Convulsions 
may be controlled with oxygen and 
intravenous administration, in small 
increments, of a barbiturate, as follows: 
preferably, an ultrashort-acting barbiturate 
such as thiopental or thiamylal; if this is not 
available, a short-acting barbiturate (e.g., 
secobarbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by those 
familiar with their use. 


References: 1. Moore DC, Bridenbaugh LD, 
Thompson GE, et al: Bupivacaine: a review 
of 11,080 cases. Anesth Analg 57: 42-53, 
1978. 2. Lund PC, Cwik JC, Vallesteros F: 
Bupivacaine—a new, long-acting local 
anesthetic agent: a preliminary clinical and 
laboratory report. Anesth Analg 49:103-114, 
1970. 3. Noller DW, Gillenwater JY, Howards 
SS, et al: Intercostal nerve block with flank 
incision. J Urol 117: 759-761, 1977 
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FORMULA 
PRODUCT IDENTIFICATION MULTIPLE DOSE VIAL SINGLE DOSE AMPUL 
Marcaine HCI Epinephrine*| Methyl- Sodium Thio- Ascorbic 60%  Edetate | Sodium Thio- Ascorbic 60%  Edetate 
(brand of (as paraben Bisulfite glycerol Acid Sodium Calcium |Bisulfite glycerol Acid Sodium Calcium 






bupivacaine HCI)  bitartrate) 


% mg./ml. Dilution |mg./ml. mg./ml. ml./ml. 





0.25 2.5 = 

0.25 25 1200000 

0.50 5.0 — 

0.50 50  1:200,000 

0.75 75 = 

0.75 75 1:200,000 Not Available in Vials 


mg./ml. 






Lactate Disodium 
mg./ml. mi./ml. mg/ml. ml/ml. mg./ml. 


Lactate Disodium 
mi./ml. mg./ml. 





0.5 001 0017 0.1 


2 
0.5 001 2 0017 0.1 
05 001 2 0017 0.1 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make 


each solution isotonic. 


*Solutions of Marcaine that contain epinephrine should not be autoclaved. 


Federal law prohibits dispensing without a prescription. 
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Pilling has 350 different 
clamps to help. 


Pilling gives you the greatest available selection 
of vascular clamps — more than any other 
company — precisely matching the anatomical 
considerations for almost every surgical 
approach you use. 


Regardless of the vessel to be occluded, you get 
complete vessel control efficiently and safely. 
Non-traumatic Atraugrip® jaw serrations — 
patented by Pilling and now widely imitated, 
grasp vessels firmly without crushing. You get 
complete vessel occlusion with intimal protection. 


We ve taken the most common point of breakage, 
the box lock, and developed a patented process 
that makes the box lock virtually indestructible. It 
will not break! Our Life-Lok® box lock construction 
protects your patient and assures confidence in 
your clamps. 





We want to send you full specifications on the 
clamps that can enhance your surgical 
technique. Call us direct. We'll send you our 
240 page catalog showing how Pilling clamps 
can do more for you in the operating room 
than any other clamps. 


Call Toll Free Ask for Pilling's latest catalog of 
vascular, thoracic, and cardiac instruments. 


800-523-6507 


215-643-2600 in Pennsylvania or write 
Mr. William Taylor at the address below. 
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Potent - Dependable - Nonopiate 


Talwin HC 50mg 


brand of . equivalent to 50 mg. base 


Dentazocine HCI vets ne 


Relieves pain as well as 60 mg. of codeine. 





MILD ANALGESICS OFTEN DON'T WORK: 


In a double-blind single dose study involving 225 adult inpatients, the comparative efficacy of 650 mg. 
aspirin, 65 mg. dextropropoxyphene, and 50 mg. pentazocine for relief of postoperative pain was recorded. ' 


e Side effects were recorded for 16 patients: in 
the aspirin group 2 patients complained of 
drowsiness and 1 of dizziness. In the dextropro- 
poxyphene group 5 patients vomited and 3 pa- 
tients complained of drowsiness or dizziness, 
while 5 patients who had received pentazocine 


* All patients were suffering from moderate or 
severe pain. 


* Pregnant women as well as patients with known 
renal, respiratory, cardiac, or hepatic insuffi- 
ciency were excluded. 


The onset of action of pentazocine was rapid. 


Although aspirin, dextropropoxyphene, and 
pentazocine produced significant relief from 


complained of dizziness. 


Pentazocine should be an oral analgesic of 
choice for treatment of postoperative pain. 


pain, pentazocine was significantly more effec- 
tive at a half hour. 


Opiates are too addictive, too restrictive: 
"Despite their potent analgesic action, the morphine-like analgesics have disadvantages that limit their 
usefulness: respiratory depression, nausea, vomiting, constipation, cardiovascular effects (hypotension, 
bradycardia), histamine release, and in some patients, an increase in intracranial pressure. Other adverse 
reactions include miosis, spasm of the biliary and urinary tracts, and rarely, hypersensitivity phenomena 
(urticaria, rash, and anaphylactic reactions). Frequent repeated use produces psychic and 
physical dependence.''? 


Oral Talwin shows infrequent occurrence of certain adverse effects as: 


e Severe respiratory depression e Urinary retention 


e Hypotension e Tachycardia 


e Constipation 


Among RARELY REPORTED REACTIONS are those of a psychiatric nature. Even the most acute CNS 
reactions—hallucinations (usually visual)—have cleared spontaneously within a period of hours. With- 
drawal symptoms after prolonged use of Talwin for the relief of pain have rarely been reported, even 
when administration was abruptly discontinued. There have been a few reports of dependence with 
orally administered Talwin. Patients with a history of drug dependence should be under close supervision 
while receiving Talwin orally. 
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brand of 


Talwin HC 50mg 


equivalent to 50 mg.base 


pentazocine HCI «es ne 


Relieves pain of a moderate to severe nature. 
Usual initial adult dose is 1 tablet every 3 or 4 hours. 





Please consult full prescribing information before prescribing. 
A summary follows: 

Talwin HCI is intended for the relief of moderate to severe pain. 
One 50 mg. tablet appears equivalent in analgesic effect to 60 
mg. (1 gr.) of codeine. Talwin is a weak narcotic antagonist with 
sedative activity. 


Contraindication 
Hypersensitivity to pentazocine. 


Warnings 

Drug Dependence. There have been instances of psychological 
and physical dependence on parenteral Talwin in patients with a 
history of drug abuse and, rarely, in patients without such a 
history. Abrupt discontinuance following the extended use of 
parenteral Talwin has resulted in withdrawal symptoms. There 
have been a few reports of dependence and of withdrawal symp- 
toms with orally administered Talwin. Patients with a history of 
drug dependence should be under close supervision while 
receiving Talwin orally. 


In prescribing Talwin for chronic use, the physician should take 
precautions to avoid increases in dose by the patient and to 
prevent the use of the drug in anticipation of pain rather than 
for the relief of pain. 


Head Injury and Increased Intracranial Pressure. Talwin may 
elevate cerebrospinal fluid pressure. This may be markedly exag- 
gerated in the presence of head injury, intracranial lesions and a 
preexisting increase in intracranial pressure. Talwin may obscure 
the clinical course of patients with head injuries. Talwin should 
be used with extreme caution in such patients and only if its use 
is deemed essential. 


Usage in Pregnancy. Safe use of Talwin during pregnancy (other 
than labor) has not been established. Although no teratogenic or 
embryotoxic effects have been reported in animals, Talwin HCI 
should be administered to pregnant patients (other than labor) 
only when potential benefits outweigh possible hazards; and 
cautiously in labor of women delivering prematurely. 


Acute CNS Manifestations. In therapeutic dosage, rarely, tran- 
sient hallucinations (usually visual), disorientation, and confusion 
may occur. Observe such patients carefully and check vital signs. 
Use caution if the drug is reinstituted since the acute CNS mani- 
festations may recur. 


Usage in Children. Not presently recommended under 12. 


Ambulatory Patients. Since sedation, dizziness, and occasional 
euphoria have been noted, ambulatory patients should be 


warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 


Precautions 

Oral Talwin has been rarely reported to cause respiratory depres- 
sion. It should be used with caution in patients with respiratory 
depression, severely limited respiratory reserve, bronchospasm, 
cyanosis, renal or hepatic dysfunction. Caution should also be 
used with patients prone to convulsive disorders and those about 
to undergo biliary surgery. As with other strong analgesics, use 
with caution in patients with myocardial infarction who have 
nausea or vomiting. Patients previously given narcotics, includ- 
ing methadone, may experience withdrawal symptoms after 
receiving Talwin. 


Adverse Reactions 

Reactions reported after oral administration of Talwin include 
gastrointestinal: nausea, vomiting; infrequently constipation; and 
rarely abdominal distress, anorexia, diarrhea. CNS effects: dizzi- 
ness, lightheadedness, sedation, euphoria, headache; infrequent- 
ly weakness, disturbed dreams, insomnia, syncope, visual blurring 
and focusing difficulty, hallucinations; and rarely tremor, irrita- 
bility, excitement, tinnitus. Autonomic: sweating; infrequently 
flushing; and rarely chills. Allergic: infrequently rash; and rarely 
urticaria, edema of the face. Cardiovascular: infrequently de- 
crease in blood pressure, tachycardia. Hematologic: rarely de- 
pression of white blood cells (especially granulocytes), which is 
usually reversible, moderate transient eosinophilia. Other: rarely 
respiratory depression, urinary retention, paresthesia, toxic 
epidermal necrolysis. 


Dosage and Administration 

Adults: The usual initial adult dose is 1 tablet (50 mg.) every three 
or four hours. This may be increased to 2 tablets (100 mg.) when 
needed. Total daily dosage should not exceed 600 mg. Tolerance 
is rare. Abrupt discontinuance following chronic use has rarely 
caused withdrawal symptoms. 


Overdosage 

Oxygen, parenteral naloxone, intravenous fluids, vasopressors, assisted 
or controlled ventilation, and other supportive measures should 
be employedas indicated. Talwinis notsubject to narcotic controls. 
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Delayed Presentation of Traumatic Diaphragmatic Hernia 


M. M. HEGARTY, F.R.C.S., J. V. BRYER, F.R.C.S., |. B. ANGORN, F.R.C.S., L: W. BAKER, F.R.C.S. 


Twenty-five patients with traumatic diaphragmatic hernia 
discovered at least five months after injury are described, 
of whom 18 were male and seven female. All but one hernia 
occurred on the left side. Stab wounds were the etiological 
factor in 22 patients and blunt trauma in three. The diagnosis 
was most often made by a chest or abdominal radiograph, 
but barium ingestion confirmed the diagnosis in ten patients. 
Intercostal drainage of gastric contents provided the diagnosis 
in two patients. In all nine patients initially approached by a 
thoracotomy or a thoracoabdominal incision, the hernia was 
easily reduced and the defect repaired. Although reduction 
and repair were easily accomplished by the abdominal route 
in seven patients, this approach was unsatisfactory or inade- 
quate in six others. The colon and stomach were usually in 
the chest, and strangulation occurred im five patients. The 
mortality was 20% but rose to 80% when gangrene was 
present. 


RAUMATIC DIAPHRAGMATIC HERNIAS usually re- 
T sult from severe external blunt injury or penetrat- 
ing injuries such as a knife or bullet wound. The hernias 
may be recognized during the period of hospitaliza- 
tion immediately following the trauma, the immediate 
type of hernia described by Carter et al.* The mortality 
in this group is usually due to associated injuries 
which often mask the symptoms and signs of the 
hernia and delay diagnosis. During the past five years, 
25 patients with traumatic diaphragmatic hernia pre- 
sented at least five months after the diaphragmatic 
injury. 

If the diaphragmatic injury is not recognized during 
the immediate posttraumatic period the patient may: 1) 
recover and remain symptom free, 2) suffer from 
chronic abdominal and/or chest symptoms, or 3) 
present with an acute crisis, often with signs of in- 
testinal obstruction or strangulation. These were re- 
spectively described as the interval phase, the phase 
of obstruction and strangulation* and more recently 
were grouped together as delayed presentation.!? With 
delayed presentation, the trauma which had occurred 
years previously may have been forgotten and the 
injury to the diaphragm may not be suspected. Thus, a 
delay in diagnosis may occur which, in the presence of 
obstruction and/or strangulation, is associated with a 
high mortality and morbidity. A careful history, ex- 
amination, and awareness of the possibility of the 
condition and its complications are essential if these 
patients are to be managed successfully. 





Submitted for publication: November 22, 1977. 


From the Department of Surgery, University of Natal, 
Durban, South Africa 


Clinical Data 


Eighteen patients were male with a mean age of 34.2 
years (range 20 to 58) and seven were female with a 
mean age of 24.4 years (range 21—41). The details are 
summarized in Table 1. All patients had been injured 
at least five months previously, and the longest interval 
between injury and presentation was eight years in a 
patient who had had laparotomy at the time of the 
original injury. Twenty-four hernias were on the left 
and only one on the right side. Penetrating trauma 
due to knife injury was the most common cause of 
diaphragmatic injury, occurring in 22 patients. Blunt 
trauma was responsible in three patients. 


Symptoms 


The symptoms in delayed presentation of traumatic 
diaphragmatic hernia are variable and are listed in 
Table 2. One patient had severe backache. X-ray 
revealed a markedly osteoporotic, kyphotic spine and, 
surprisingly, a hernia above the right diaphragm. Al- 
most certainly the symptoms were due to the spinal 
pathology. Two other patients who had been com- 
pletely symptom free following old chest injuries were 
admitted with further trauma to the trunk. The chest 
fiim showed a diaphragmatic hernia. These were at- 
tributed to recent injuries and it was not until the ab- 
domen was entered that it was realized that the hernias 
had been present for a long time. 

Traumatic diaphragmatic hernias were discovered in 
five patients having investigations for chronic upper 
abdominal symptoms. The remaining 17 patients pre- 
sented as acute emergencies. Eight had signs and 
symptoms of intestinal obstruction with fluid levels 
in the bowel present in the abdominal film, while nine 
patients had upper abdominal pain, some of whom had 
associated dyspnoea and chest pain. 


Diagnosis 


In 15 patients the diagnosis was made immediately, 
primarily because the chest film showed air or fluid 
levels (Figs. 1 and 2). One patient had an immediate 
laparotomy for intestinal obstruction and it was only 
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TABLE 1. Patients 


Time from 
Eti- Injury 
Sex Age (yrs) ology Side — Present 
Male 17 20—58 | crush 1 (R) 6 months to 5 
(av 34.1) 1 kick 17 (L) years 
1 fall 
15 stab 
Female 7 21-42 All stab 7th) 5 months to 8 
(av 24.4) years 


when the abdomen was opened that the diagnosis was 
made. Barium contrast studies were done in 11 pa- 
tients, and the diagnosis was confirmed in ten (Figs. 
3-5). It was overlooked in one patient with colonic 
herniation because the examination was terminated 
once the stomach had been shown to be below the 
diaphragm. The diagnosis was made at postmortem in 
two patients, both dying within 24 hours of admis- 
sion, one with gangrenous stomach in the chest and 
the other with gangrenous colon. Thoracentesis was 
performed without adverse effect in two patients in the 
mistaken belief that a pneumothorax was present. The 
correct diagnosis was made when gastric contents 
were drained. 


Operation 


In two patients the diagnosis was made at post- 
mortem, and one patient refused surgery. Of the re- 
maining 22 patients, 13 were approached through an 
abdominal incision. Reduction of the hernia and 
repair of the defect were accomplished easily in 
seven of these patients. In one patient, difficulty in 
reducing the colon resulted in perforation of that organ 
requiring resection and transverse colostomy. The 
other five hernias, initially approached through an 
upper abdominal incision, could not be safely reduced 
until the incision was extended into the chest. 

Seven patients had a left thoracotomy only, and two 
had an immediate thoracoabdominal incision. Reduc- 
tion and repair of the hernia were accomplished 
with ease in each patient (Table 3). In the patient 
who refused surgery, barium contrast studies showed 
colon to be present above the right hemidiaphragm. In 
this series, the viscus commonly found in the hernia 
was the colon, followed by stomach, small bowel 
and spleen (Table 4). Gangrene of the herniated 
organ was present in five patients. 


TABLE 2. Symptomatology 





No symptoms 3 
Chronic dyspepsia 5 
Acute symptoms 
Intestinal obstruction 8 
Upper abdominal or chest symptoms 9 
Total 25 
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Fic. 1. 
hernia. 


P.A. chest radiograph showing (R) sided diaphragmatic 


Results 


There were five deaths in the series of 25 patients 
(20%). Two died within 24 hours of admission without 
undergoing operation, and both had gangrenous viscera 
within the chest. One patient in whom the diagnosis 
was made on admission had immediate colonic resec- 
tion for gangrene of the herrfiated viscus. Empyema 
developed and the patient subsequently succumbed. 
One patient was operated for intestinal obstruction 
and an unsuspected hernia was discovered, with colon 
and small bowel in the chest. The gangrenous small 
bowel was resected and in the colon, a constriction 
ring of dubious viability was oversewn. This broke 
down to produce a fecal fistula and the patient 
eventually died after two further operations on the 
fistula. The remaining death occurred when the colon 
was entered during reduction of the hernia with result- 
ing gross pleural and peritoneal contamination. 


Discussion 


Injuries to the diaphragm may be followed by im- 
mediate herniation of abdominal viscera into the chest. 
However, it is widely accepted that herniation may 
be delayed.*!^ and Desforges et al. record a patient 
found to have stomach within the chest six years after 
an accident. A barium study done four years pre- 
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viously had shown the stomach to be in its normal 
intra-abdominal position. 

Recognition of a traumatic diaphragmatic hernia in 
the immediate posttraumatic period is difficult, due to 
associated injuries and to the fact that several radio- 
logical features suggestive of hernia may mimic those 
of chest injuries. These hernias may present months 
or even many years after apparent recovery from the 
traumatic incident. Occasionally, such patients are 
symptom free and their hernias are found on a routine 
chest film. The majority, however, have symptoms 
which vary according to the organ present within the 
chest® and whether or not that organ is strangulated 
or obstructed.‘ 

Drews et al.’ found a 5.8% incidence of diaphrag- 
matic injury in 765 operations for trauma, a figure 





Fic. 2. Lateral chest radiograph showing air fluid level in the 
stomach, above the (L) hemidiaphragm. 
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Fic. 3. Barium meal clearly showing an ‘hour glass" deformity of 
stomach, containing barium in the intra-abdominal part of the 
viscus, but only air and a trickle of barium above. 


similar to the present experience. These authors state 
that any defect not repaired may result in hernia as in 
one of the present patients. Like Ebert et al.,? they 
stress that laparotomy should include careful inspec- 
tion of the diaphragm for any defects which, if present, 
should be repaired. There remain a significant num- 
ber of patients with abdominal wounds who do not re- 
quire surgery, and the majority of patients with stabbed 
chests require only observation and/or simple under- 
water drainage." Jackson et al.'* suggested that pa- 
tients with penetrating injuries below the fourth inter- 
costal space on the left side should have routine 
thoracoscopy to identify those with diaphragmatic 
injury. More interesting is the suggestion that patients 
with chest wounds in that situation should have routine 
intra-abdominal lavage, when the diaphragmatic injury 
would be demonstrated by blood in the returning fluid. 

As in all other series, males greatly outnumbered 
females,^*:9:!? and the rarity of these hernias on the 
right side is also emphasized. In a review of 276 
patients with traumatic diaphragmatic hernia, Hood"? 
found only 13% on the right side. This is probably due 
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Fic. 4. Barium follow through showing the small bowel within the 
chest. 


to the liver cushioning the diaphragm in blunt trauma 
and plugging the defect in the penetrating trauma." 

Most early series had a preponderance of hernias 
due to penetrating injuries, but recently motor 
vehicle and industrial accidents are the usual etio- 
logical factors.®!8 The nature of the trauma depends 
on the environment in which a particular hospital is 
situated. Three patients had been symptom free and 
were discovered only as the result of investigation for 
backache in one case and further traumatic incidents 
in two cases. 

It is possible that many patients with unrecognized 
traumatic diaphragmatic hernias remain symptom free, 
and it is only those with symptoms who return to the 
hospital. Few series include patients who were with- 
out symptoms.' There may be a role for routine chest 
films in patients with a history of a stab wound in the 
left lower chest or upper abdomen six months after 
injury. 

Most patients with delayed presentation of traumatic 
diaphragmatic hernias have acute symptoms. These 
may be those of classic intestinal obstruction with ab- 
dominal pain and distention, vomiting, and fluid 
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levels on abdominal films or upper abdominal and/or 
chest pain with vomiting and dyspnoea. The differential 
diagnosis includes cholecystitis, pancreatitis, ex- 
acerbation of a peptic ulcer, myocardial infarction, 
pneumonia or even pneumothorax, which may result 
in the patient having the "pneumothorax' drained 
into underwater drainage bottles, as occurred in two 
of the present patients. 

Although Bowditch's five diagnostic signs? are 
widely quoted, Hardy'® emphasizes that physical 
signs are of little aid unless the diagnosis is already 
suspected, and usually only in retrospect can the 
signs and the physical findings be related. 

Gravier and Freeark? state that diaphragmatic 
hernia should be considered if any one of the follow- 
ing four criteria is present. 1) Intestinal obstruction 
and a history of past trauma. 2) Intestinal obstruc- 
tion associated with radiological changes at the left 
base. 3) Small bowel obstruction in patients having 
no abdominal hernias or scars. 4) Large bowel ob- 
struction in young patients. 

All authors agree that radiographic studies are the 
most useful diagnostic aids.!^!? Plain films may show 
equivocal signs or signs that are only suggestive 
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Fic. 5. Barium study showing both stomach and colon above the 
diaphragm. 
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of diaphragmatic hernia.? Drews et al.’ stress the 
diagnostic value of the chest film, but in their series, 
although abnormalities of the chest films were de- 
tected preoperatively in most patients, diaphragmatic 
hernia was not usually considered until the films had 
been viewed later by radiological specialists. Barium 
contrast studies were suggested to confirm the diag- 
nosis in 22 of their 29 patients. 

The barium studies performed in 11 of the patients 
in the present series were of much value, and in the 
patient who failed to show the colon above the 
diaphragm, the examination was terminated before 
the large bowel had been outlined. In patients with sus- 
pected diaphragmatic hernia, contrast examination 
should continue until the whole of the alimentary tract 
has been demonstrated unless an abdominal organ is 
shown to be above the diaphragm. An abdominal film 
after the passage of a nasogastric tube may confirm the 
diagnosis, and the tube may also deflate an incar- 
cerated stomach, with relief of intrapleural tension. 

Thoracentesis for diagnosis should be avoided be- 
cause of the risk of fistula between the alimentary 
tract and the pleural space. However, Bernatz 
et al. have suggested that thoracentesis may occa- 
sionally be helpful in the management of these pa- 
tients, and it is likely that the life of one patient 
was saved by insertion of a chest tube into a hugely 
distended incarcerated stomach, which acted as a 
tension pneumothorax, with removal of 300 ml of fluid 
and a large amount of air. 

Once the diagnosis is made and the patient ade- 
quately resuscitated, operation is mandatory. Most 
authors agree that traumatic diaphragmatic hernias 
with delayed presentation should be approached through 
the chest,* since the adhesions within the chest can be 
freed easily. The hernias were easily managed in only 
seven out of 13 patients approached through the 
abdomen. When the chest was opened either as the 
approach of choice or by extending the abdominal 
incision into the chest, reduction and repair of the 
hernia were easily accomplished. Therefore the ap- 
proach in delayed presentation should be only by 
thoracotomy. If required, it can be extended into a 
thoracoabdominal incision. 

The stomach and colon are the organs most com- 


TABLE 3. Initial Approach and Operative Difficulty* 


Initial Approach Number Operative Difficulty 
Thoracotomy 7 None 
Thoracoabdominal 2 None 
Laparotomies 13 None 7 
Tearmg of bowel Í 
Reduction impossible 
without thoracotomy 5 





* Two patients had diagnosis made post mortem. One patient 
refused surgery. 
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TABLE 4. Herniated Viscera 





Viscera Number Gangrene 
Colon 18 2 
Stomach 10 2 
Small bowel 4 i 
Spleen 2 MN 


monly found within the chest.5? This is not surprising 
when their mobility and proximity to the diaphragm are 
considered. Gangrene of the herniated contents was 
present in five patients, with four deaths resulting. 
This confirms the finding of Hoffman" and Christian- 
sen et al.? that strangulation of the herniated intestine is 
associated with mortality. This can be reduced by early 
diagnosis, adequate resuscitation, and immediate surgi- 
cal management. 
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Clinical Manifestations of Infections with Herpesviruses 


After Kidney Transplantation 


A Prospective Study of Various Syndromes 


SIRUS NARAQI, M.D.,* OLGA JONASSON, M.D.,— GEORGE GEE JACKSON, M.D., 


HERBERT M. YAMASHIROYA, PH.D.§ 


Herpesviruses infections occur commonly following kidney 
transplantation and immunosuppression, and contribute sub- 
stantially to morbidity in the transplant recipient. In this 
prospective study, stomatitis, mononucleosis, hepatitis, or 
interstitial pneumonia occurred in 24 of 30 patients (80%) 
as a result of reactivation of latent herpesvirus infections, 
but the majority of these syndromes were self-limited and 
the infections were often asymptomatic. Rejection occurred sig- 
nificantly more frequently in CMV-infected patients, but 
a distinct causal relationship cannot be deduced. 


NFECTIONS CAUSED BY MEMBERS of the herpesvirus 
I group occur commonly following kidney trans- 
plantation. While most infected immunosuppressed 
patients remain asymptomatic, a variety of clinical 
syndromes can occur, including unexplained fever, 
skin rash, stomatitis, pancreatitis, hepatitis, mono- 
nucleosis, interstitial pneumonia, retinitis, encephali- 
tis, disseminated infection, and renal function de- 
terioration with or without allograft rejection. ?79.!'-- 
13,14,16,18 —20,25,27,28,10—:33 

Although each of the herpesviruses has been asso- 
ciated with the majority of the clinical syndromes 
observed, the agent most commonly identified has 
been cytomegalovirus (CMV); herpes simplex virus 
(HSV), varicella zoster, and Epstein-Barr virus (EBV) 
infections are infrequently reported. 
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Simultaneous infection with more than one herpes- 
virus is common, as are associated bacterial, fungal, 
or parasitic infections, making determination of actual 
clinical significance of individual herpesvirus infec- 
tions difficult,9.11.25.27.28.21 

During a prospective study we have examined the as- 
sociation of herpesviruses infections with the develop- 
ment of stomatitis, mononucleosis, bilateral inter- 
stitial pneumonia, hepatitis and rejection in recipients 
of renal allografts. Appropriate testing for hepatitis B 
virus (HBV) was also performed because of the 
frequent presence of HB,Ag in this population, and 
because this virus may also cause hepatitis, mono- 
nucleosis-like syndrome and renal damage.!??! 


Materials and Methods 


Patients and Virologic Studies 


Thirty recipients of renal allografts from living or 
cadaver donors (20 and ten recipients, respectively) 
were studied prospectively. Viral cultures (throat, 
urine and blood) and serology were done within 24 
hours prior to transplantation and regularly there- 
after. The patients were followed for 12-24 months 
after surgery or until allograft nephrectomy or 
death. The mean time of follow-up was 12 months 
(range 2-24). A detailed description of the patient 
population, frequency of viral cultures and serology, 
methods for virus isolation and identification, viral 
serological tests, immunosuppressive regimen and dura- 
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tion of follow-up has been reported elsewhere.” Hepa- 
ttis B surface antigen (HB,Ag) determinations were 


.. done by the Austria H-125 radioimmunoassay method 


(Abbott Laboratories, Chicago, Ill.) according to the 
instructions furnished by the manufacturer. Antibody 
to HB,Ag (HB,Ab) was determined bv the passive hem- 
agglutination test with Virgo reagents (Electro-Nu- 
cleonic Laboratories, Bethesda, Md.) according to the 
recommended procedure. 


Definition of Syndromes and Laboratory Studies 


Patients were observed closely for evidence for sto- 
matitis, mononucleosis, hepatitis, bilateral interstitial 
pneumonia and acute allograft rejection. Mononucleo- 
sis was defined as absolute and relative lymphocytosis 
with the presence of atypical lymphocytes in the periph- 
eral smear with or without typical clinical manifesta- 
tions such as fever, sore throat and lymphadenopathy. 
Hepatitis was defined as elevation of SGPT to more 
than twice of upper normal limits (8-37 International 
Units) on two different days. Pneumonia was defined 
as the presence of bilateral interstitial infiltrate in the 
chest x-ray associated with fever, tachypnea and cough 
with or without sputum production. Rejection was de- 
fined as deterioration of allograft function as deter- 
mined by clearances of urea and creatinine, charac- 
teristic changes in isotope scan and ultrasonography, 
and the simultaneous presence of changes typical of 
rejection such as mononuclear infiltration, vascular in- 
volvement, and edema in a kidney biopsy. 

CBC was done daily for the period of hospitalization 
after transplant surgery and then every two weeks in 
the first six months, every four weeks in the second 
six months, and every eight weeks in the second year 
after transplantation. SGPT was done weekly during 
any hospital stay, once a month in the first year, and 
once every two months in the second year following 
transplantation. Chest x-rays were done before sur- 
gery, upon each admission and whenever indicated. 
Percutaneous kidney biopsy was done routinely at six 
months after surgery and every six months thereafter, 
and whenever renal dysfunction occurred. Hepatitis B 
antigen and antibody were tested prior to transplan- 
tation, upon each admission, whenever elevation of 
liver enzymes was found and at the end of the follow- 
up period. 


Definition of Infections 


CMV, HSV and varicella zoster infections were de- 
tected by virus isolation and/or a fourfold or greater 
rise in complement fixing (CF) antibody titer. EBV 
infection was diagnosed by a fourfold or greater rise 
in indirect fluorescent antibody titer. Infection occur- 
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TaBLE |. Incidence of Infections with Herpesviruses and Hepatitis 
B Virus in 30 Renal Allograft Recipients 





———— HM 


Number of Ce 

Virus Infections Occurrence 
Cytomegalovirus 22 73 
Herpes simplex virus 16 53 
Epstein- Barr virus 9 30 
Varicella zoster 2 7 
Hepatitis B 4 13 


ring in a patient with no viral antibody by CF and/or 
indirect fluorescent techniques in pretransplantation 
serum was considered primary. Infection with hepatitis 
B was diagnosed if HB,Ag or antibody became positive 
for the first time during the period of follow-up. An 
association between viral infections and different clin- 
ical syndromes was thought to be present when 1) iso- 
lation of a herpesvirus and/or a fourfold or greater rise 
in viral antibody titer, or detection of HB,Ag or Ab, 
occurred during the course of a clinical illness for the 
first time, and 2) bacterial and fungal agents, known 
to cause similar findings, were not found. 


Results 


The incidence of CMV infection was 73%, HSV 53%, 
EBV 30%, varicella zoster 7%, and hepatitis B virus 
13% (Table 1). The sensitivity of diagnostic methods, 
rate of virus isolation from different specimens, possi- 
ble sources of these infections and the rate of concur- 
rent infections have been previously reported in de- 
tail. All of the CMV infections occurred within the 
first three months after transplantation. The majority 
of HSV and EBV infections were seen during the first 
six months, and only occasional cases occurred later 
during the first or second posttransplant year. No re- 
cipient was HB,Ag positive, but three had HB,Ab be- 
fore transplantation. Three recipients became positive 
for HB,Ag during the second (one patient) and the 
third months (two patients) after transplantation. One 
patient developed HB,Ab in the third month after sur- 
gery. Table 2 shows the association of clinical syn- 
dromes with herpesviruses and the rate of occurrence 
in recipients infected with the virus found to be the 
cause of the respective syndrome. 


Stomatitis 


Seven patients developed stomatitis, six within the 
first two months after transplantation and one in the 
fifth month. None of these infections was primary. Sto- 
matitis consisted of vesicular shallow white ulcerations 
2-20 mm in size on tongue, gums, hard palate and 
buccal mucosa.” All patients were febrile and com- 
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TABLE 2. Clinical Syndromes Associated with Specific Viral Infections in 30 Renal Allograft Recipients 


No. of 
Syndrome Patients 

Stomatitis 7 
Mononucleosis 

One virus 2 

Two viruses l 
Hepatitis 

One virus 5 

Two viruses 3 

Three viruses i 
Pneumonia 5 
Any syndrome 

One virus 19 

Two viruses 4 

Three viruses l 
Total 24 (80%) 
Asymptomatic infections 5 (20%)* 


Specific Viral Infection 











CMV HSV EBV HBV 
ue 7 m Los 

Es = 

| gus | e 

3 Bs | 

3 — 3 oe 

| — | | 

3 o EUN mei 

9 7 | 2 

4 ran 4 = 

| is | 
14 (47%) 7 (23%) 6 (20%) 3 (1056) 
8 (26%) 9 (3056) 3 (10%) 1 (3%) 


* One patient never developed any viral infection during the period of follow-up (24 months). 


plained of sore mouth and difficulty in eating. Herpes 
facialis was present and virus was isolated from the 
oral secretions in each patient. Lesions were self-lim- 
ited and disappeared gradually within two to four 
weeks. 


Mononucleosis 


Three patients developed mononucleosis while un- 
dergoing transplantation and immunosuppression. 
Pharyngitis and lymphadenopathy were never ob- 
served, and heterophile antibody determined for in- 
fectious mononucleosis was negative in all three pa- 
tients. A primary CMV infection was present in only 
one patient, a combined infection with CMV and EBV 
was found in the second patient, and HB,Ag infection 
with jaundice and transaminase elevation was respon- 
sible for mononucleosis in the third patient. There- 
fore, mononucleosis was infrequently seen in the pres- 
ence of proven herpesvirus infection. Only two of 22 
patients with CMV, one of nine with EBV, and one of 
four with HB, Ag demonstrated mononucleosis during 
transplantation and immunosuppression. 

However, atypical lymphocytes were seen in the pe- 
ripheral blood smear of most patients regardless of an 
active viral infection. Four recipients had unexplained 
mononucleosis shortly before transplantation, and the 
peripheral smear reverted to normal following trans- 
plantation and commencement of immunosuppressive 
therapy. Four patients with chronic CMV infection 
who did not demonstrate mononucleosis while receiv- 
ing immunosuppressive treatment, developed typical 
blood smear changes after allograft nephrectomy and 


cessation of immunosuppression (associated with a 
second significant rise in CMV CF titer in two patients). 


Hepatitis 


Nine recipients developed hepatitis associated with 
one or more of the herpes viruses and/or hepatitis B 
virus. Five had evidence for a single virus infection; 
three were infected with CMV, one with EBV and 
one with hepatitis B virus. The remaining four patients 
were infected simultaneously with two or more viruses; 
CMV plus EBV in three patients, and CMV, EBV 
and hepatitis B virus in one. HSV infection was also 
detected in three of these patients. One patient with 
HB,Ag and another with HB,Ab did not develop any 
change in peripheral blood morphology or liver func- 
tion tests during the period of follow-up (more than 
12 months in each case). 

SGPT values were only mildly elevated (110—249 
I.U.) in CMV- and EBV-infected patients. Marked ele- 
vations of SGPT (values 1,000 I.U.) were seen in 
two patients with HB,Ag-positive hepatitis, and were 
associated with jaundice. Elevation in SGPT was tran- 
sient and values became normal within two months in 
six patients. In three patients, enzyme elevation per- 
sisted for more than three months (one CMV and two 
HB,Ag virus infections). Jaundice was present in the 
two patients with hepatitis B infection. Lymphocytosis 
and mononucleosis were seen in the peripheral blood 
of three patients. 

Evidence of hepatitis was found, therefore in seven 
of 22 patients with CMV, in four of nine with EBV, 
and in two of four with hepatitis B virus infections. 


A 
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TABLE 3. Relation of Specific Viral Infections to Allograft Rejection 
p | k j 





Associated Viral 





Specific Viruses 


Rejection Episode Infections CMV HSV EBV HBV 
Present One virus 8 | I | 
Present Two viruses 6 6 [ I 
Present Three or four viruses § 5 4 2 
Absent One or more viruses 3 4 3 0 
Frequency of rejection in 19/22 12/16 6/9 4j4 

infected patients (86%) (75%) (67%) (100%) 

Present None 4 11 17 16 

Absent None 4 3 4 7 
Frequency of rejection in 4/8 11/14 17/21 16/23 

noninfected patients (S067) (7967) (81%) (7096) 
Significance of difference: 


Of the patients with HB,Ag infection, one died, one 
became a chronic carrier and the third became HB,Ag- 
negative. The fourth patient was HB,Ab-positive. 


Interstitial Pneumonia 


Five patients developed bilateral interstitial pneu- 
monia, all of whom had evidence of CMV infection, 
and infection contributed to the death of one patient. 
None of the other viruses could be implicated. All pa- 
tients had fever, tachypnea, cough with or without mu- 
coid sputum, and typical chest x-ray abnormalities. 
CMV was the only pathogen identified in two of these 
patients. Associated bacterial (gram negative bacilli) 
or fungal agents (Aspergilla) were cultured in three 
other patients. CMV pneumonia was confirmed at au- 
topsy in two patients, and oral secretions and/or spu- 
tum culture yielded virus in three patients. The course 
in these three patients was self-limited and symptoms 
disappeared within four weeks. None of these patients 
had mononucleosis. Three patients had simultaneous 
elevation of liver enzymes. 





Rejection 


Twenty-two patients had a bicpsy-proven acute re- 
jection episode during the follow-up period. The in- 
cidence of rejection in infected and noninfected pa- 
tients with CMV, HSV, EBV and hepatitis B virus 
is shown in Table 3. A difference was seen only with 
regard to CMV-infected and noninfected recipients. 
The majority of rejection episodes occurred shortly af- 
ter surgery. Because all CMV infections occurred 
within the first three months, the data were analyzed 
for the first three months separately (Table 4), and 
a significantly higher incidence of rejection (p = < .01) 
was found in CMV-infected recipients. Mean time of 


<.05 NS NS NS 


tt Tm Am Pe 


follow-up of the three CMV-infected patients with no 
rejection is 20.3 months 18—24. Four patients with re- 
jection but no CMV infection were followed for a mean 
of 17 months 5—24. 


Discussion 


As has been reaffirmed in this study, herpesviruses 
infections are frequent complications of immunosup- 
pression, contributing substantially to morbidity fol- 
lowing organ transplantation. | 

Herpetic stomatitis, classically a disease of one to 
four-year-old children during their first exposure to the 
HSV virus,'® recurs as a non-primary infection in im- 
munosuppressed adults with pre-existing antibody to 
HSV.??? The lesions are ulcerative, confined to the 
anterior part of the oral cavity, and involve gingiva, 
tongue, buccal mucosa, and hard palate. These clini- 
cal characteristics differentiate herpetic stomatitis from 
oral candidiasis and herpangina. While self-limited, 
herpetic stomatitis is painful, causes considerable dis- 
comfort and difficulty with eating, and is usually ac- 
companied by fever. 

Mononucleosis occurred infrequentiy even in those 
patients with proven EBV or CMV infections. The 


TABLE 4. Association of CMV Infection with Allograft Rejection: 
Before and After 3 Months 


Time After Operation 





First 3 After 3 
Months Months 
CMV infected 22 12 
Rejection episode 19 (86%) § (42%) 
Not CMV infected 8 6 
Rejection episode 2 (25%) 2 (33%) 
Significance of difference: <.01 N.S. 
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usual clinical manifestations of pharyngitis and lym- 
phadenopathy were never seen, and all heterophile an- 
tibody tests were negative. The low incidence of atypi- 
cal lymphocytosis (mononucleosis), absence of lymph- 
adenopathy, and negative heterophile tests, are most 
likely the consequence of lymphopenia caused by im- 
munosuppressive drugs, especially corticosteroids.'® 
The appearance of mononucleosis and a second rise 
in antibody titer in some CMV-infected recipients after 
allograft nephrectomy, indicate an intensified host re- 
action to CMV as a result of discontinuation of im- 
munosuppressive therapy. To our knowledge, this phe- 
nomenon which has been described for Pneumocystis 
carinii infection in immunosuppressed patients”? has 
not been reported previously in relation to CMV in- 
fection. 

The overall incidence of hepatitis in this series was 
similar to that of other reports.'''® Hepatitis can be 
caused by CMV,'? HSV,” EBV ,5 and varicella zoster’ 
as well as hepatitis B virus. HSV and varicella zoster 
could not be implicated in any case of hepatitis in this 
study. The presence of simultaneous infection with 
CMV, EBV, and hepatitis B viruses in some patients 
with hepatitis made it difficult to assess the contribu- 
tion of each virus to the development of the syndrome. 

The degree of liver enzyme elevation, presence of 
jaundice, and a positive test for HB,Ag served to dif- 
ferentiate hepatitis due to hepatitis B virus from that 
caused by CMV or EBV. In CMV- or EBV-induced 
hepatitis, changes in liver enzymes were mild and tran- 
sient and jaundice did not occur. In contrast, hepatitis 
caused by hepatitis B virus (HB,Ag-positive) was as- 
sociated with prolonged and marked elevation of liver 
enzymes, and jaundice was the rule. 

HB,Ag-positive hepatitis occurs with equal fre- 
quency in immunosuppressed renal transplant recipi- 
ents and in patients maintained on chronic hemodialy- 
sis. In this and other reported series, the clinical mani- 
festations of infection with hepatitis B virus and HB,Ag 
carrier rate were not influenced by immunosuppressive 
drugs. The majority of HB,Ag-positive dialysis and 
transplant patients are asymptomatic, anicteric, and 
have persistent antigenemia (carrier state). !576 

Although CMV,” HSV,° EBV” and herpes zoster'? 
are known to cause bilateral interstitial pneumonia in 
adults, all cases of bilateral interstitial pneumonia 
which occurred in this study were caused by CMV. 
While CMV pneumonia contributed to the patient’s 
death in one case, in the majority it was self-limited 
and required no specific therapy. 

Renal allograft malfunction is often seen in associa- 
tion with CMV infection. Rejection, direct infection of 
kidney tissue, and immune complex glomerulonephritis 
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due to viral antigen have all been implicated. ?811-18-28.34 
In this study, biopsy-proven rejection occurred with 
significantly increased frequency in CMV-infected pa- 
tients, and it has been suggested that the viral infection 
may incite a rejection reaction.!5 Decrease in im- 
munosuppressive drug dosages which is usually neces- 
sary during an acute viral infection may allow rejection 
to emerge, but renal function may also be seen to im- 
prove as the viral infection is controlled, suggesting 
a direct effect of viral infection on renal function. The 
rejection reaction itself may also be responsible for 
reactivation of latent CMV infections, as has been doc- 
umented with murine CMV disease in mice during an 
active rejection response;?* or in the high incidence 
of CMV infection which occurs in patients given a 
large leukocyte antigen load during open heart 
surgery." 

The suggestion that symptomatic viral infections in 
the renal allograft recipients are more likely to be pri- 
mary infections rather than reactivation of latent vi- 
ruses,'^?? cannot be supported by this study. The ma- 
jority of the clinical syndromes observed occurred in 
already seropositive patients, indicating reactivation 
of latent infection. While morbidity and some mortality 
is unquestionably caused by these viral infections, the 
majority of infections are self-limited or asymptomatic. 
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Unusual Aspects of Atrial Myxoma 


FRED A. CRAWFORD, JR., M.D., JOHN H. SELBY, JR., M.D.* DAVID WATSON, M.D., JAMES JORANSEN, M.D. 


Cardiac myxomas are infrequently encountered lesions. Cer- 
tain aspects of these tumors are unusual and include right 
atrial location, calcification, valve destruction, hematologic ab- 
normalities, occurrence in children, and familial occurrence. 
A 12-year-old girl manifesting all of these unusual aspects of 
myxoma is described and each of the unusual aspects is dis- 
cussed. 


HE HALLMARK OF ATRIAL MYXOMA is an enig- 
T matic presentation of intermittent and variable 
cardiac signs frequently combined with vague systemic 
and constitiutional abnormalities. The less common 
right atrial myxoma is an especially elusive diagnosis, 
and may present as right heart failure in the absence 
of demonstrable pulmonary disease or apparent under- 
lying cardiac pathology. Such lesions are rare in chil- 
dren, and familial occurrence is especially unusual. 
Calcification of myxomas occurs infrequently but is 
often associated with destructive lesions of the tricuspid 
valve. Hemolytic anemia and thrombocytopenia have 
rarely been noted to occur with calcified right atrial 
myxoma. 

A 12-year-old girl was recently treated with advanced 
right heart failure who had a mobile, calcified, intra- 
cardiac mass noted at fluoroscopy. The child’s mother 
had previously died from complications of a left atrial 
myxoma. Tricuspid valve destruction necessitated 
prosthetic replacement. Hemolytic anemia and throm- 
bocytopenia resolved after removal of the mass. It Is 
unique that most of the uncommon aspects of myxoma 
(childhood occurrence, right atrial location, calcifica- 
tion, familial incidence, hematologic abnormalities, 
and valve destruction) are combined in a single patient. 


Case Report 


D. S.. a 12-year-old girl, was initially seen at the University of 
Mississippi Medical Center at age 8 because of suspected rheumatic 
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heart disease. The patient's mother had died several years previously 
and a left atrial myxoma was found at autopsy. Physical examina- 
tion demonstrated a grade IL/VI systolic murmur, loudest at the 
lower left sternal border. No hepatomegaly or peripheral edema 
was noted. On return visit several months later, the patient described 
diminishing exercise tolerance and occasional peripheral edema. A 
grade IV/VI systolic murmur and a grade II/VI mid-diastolic murmur 
were present at the lower left sternal border. Electrocardiogram 
showed sinus rhythm, right atrial and right ventricular hypertrophy. 
Cardiomegaly was noted on chest x-ray. No laboratory abnormal- 
ities were noted. Cardiac catheterization in August, 1972, revealed 
essentially normal hemodynamic data. Right ventricular cineangio- 
cardiography demonstrated an enlarged, poorly contracting right 
ventricle and a dilated tricuspid annulus with mild tricuspid insuf- 
ficiency. "Right ventricular myopathy” was listed as the discharge 
diagnosis. 

The patient was lost to follow-up until October, 1976, when she 
returned with a history of recent increased congestive heart failure 
manifested by dyspnea, chronic fatigue, peripheral edema, and se- 
verely limited activity. She had experienced intermittent chest pain, 
right upper quadrant discomfort and fever. On physical examination, 
she had icterus, ascites, and edematous lower extremities. Venous 
pulsations in the neck were prominent. Lung fields were clear. A 
grade IV/VI systolic murmur and thrill at the left lower sternal border 
were noted, as was a soft grade II/VI diastolic murmur. The liver 
edge was palpable at the level of the umbilicus. Chest x-ray dem- 
onstrated extreme cardiomegaly (Fig. la). Electrocardiogram 
showed sinus tachycardia with right atrial hypertrophy and right 
bundle branch block. Pertinent laboratory findings are outlined in 
Tables | and 2. Admission hemoglobin was 11.1 and peripheral blood 
smear revealed fragmented and distorted RBC's. Urine was positive 
for hemoglobin and bilirubin. Coagulation studies were normal ex- 
cept for mild thrombocytopenia. Coomb's test and blood cultures 
were negative. Treatment with digitalis and furosemide was started, 
but she failed to improve. A drop in hemoglobin to 8.4 occurred. 
Subsequent hematologic data are noted in Table 2. Echocardiography 
showed a mass of dense echos moving into the right ventricle in 
diastole. The right ventricular cavity was greatly enlarged, meas- 
uring 4.0 cm at the onset of QRS inscription in the plane of the 
posterior mitral leaflet. Fluoroscopy demonstrated a calcified mass 
moving through the tricuspid orifice from right atrium to right ven- 
tricle and back with each cardiac cycle (Figs. 2a and b). Cardiac 
catheterization demonstrated severe tricuspid insufficiency and an- 
giograms again showed the mass moving freely within the right atrium 
and ventricle. 
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Fics. la and b. (a) Preop- 
erative chest x-ray. (b) 
Postoperative chest x-ray. 


At surgery on November 4, the right atrium and ventricle were 
enormously dilated. Cardiopulmonary bypass was established. Right 
atriotomy revealed the tumor lying free within the atrium with a 
portion projecting through the tricuspid valve. The tumor was spheri- 
cal, approximately six centimeters in diameter, and had a hard cob- 
bled surface. It had no cardiac attachments and could be lifted out 
of the heart intact (Fig. 3). The point of origin, consisting of a stalk 
measuring | cm in diameter and projecting into the right atrium, 
was identified just superior to the fossa ovalis. There was no con- 
nection to the tumor. This apparent origin of the tumor from the 
atrial septum was removed by excising the septum in this area. The 
left atrium and ventricle were inspected throughout this atrial septal 
defect and no tumor was apparent within these chambers. The atrial 
septal defect was closed with a patch of Dacron.” The tricuspid 
valve was found to be virtually destroyed, presumably by the to- 
and-fro motion of the calcified tumor through the orifice, and the 
valve annulus was markedly dilated. The remaining fragments of 
the tricuspid valve were excised and a 33 mm porcine heterograft 
was sutured into place. Immediately after defibrillation, atrioven- 
tricular dissociation was noted which then converted to a junctional 
rhythm. Because the patient had intermittent periods of third degree 
block after cessation of bypass, a permanent pacing electrode was 
placed onto the left ventricle. The patient's postoperative course 
was essentially uncomplicated. Hematologic values and liver func- 
tion tests rapidly returned to normal (Tables 1 and 2). However. 
on several occasions, she demonstrated complete heart block and 
as a precautionary measure, the pacing electrode was connected 
to a permanent pacemaker on the tenth postoperative day. At the 
time of discharge, the patient was in sinus rhythm as she has been 
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TABLE |. Laboratory Data 








Bilirubin Alkaline 

(Total/ Phospha- 
Date Direct) SGOT LDH CPK tase 
10/28 (Adm.) 6.2/2.5 92 170 2950 45 
11/1 (Preop) 12.2/5.1 206 172 7040 — 
11/14 (Postop) 1.4/1.0 29 130 550 25 





on all follow-up clinic visits. The child remains asymptomatic one 
year following surgery. Cardiac size has decreased remarkably on 
chest x-ray (Fig. 1b). 


Discussion 


Cardiac myxomas have been found in all chambers 
of the heart but most frequently in the left atrium. 
Approximately one fourth occur in the right atrium. 
Symptoms of myxoma are most frequently related to 
intermittent valvular obstruction, embolic episodes, or 
constitutional systemic abnormalities. The septal area 
of the fossa ovalis is the most common site of origin.? 
Endothelial or subendocardial reserve cell has been 
postulated as the origin. Syndromes suggestive of sub- 
acute bacterial endocarditis, rheumatic fever, or col- 
lagen vascular disorders may also occur. Pulmonary 


TABLE 2. Hematologic Data 
——————————————————————ÓÓÁÉáÉ USUS S 


Date Hgb/Hct 


Reticulocytes 


Fibrin 
Degradation 
Products 


Platelets RBC Morphology 


allla Eee 


10/29 (Adm. ) 11.0/36 5,800 7.0% 
11/1 (Preop) 8.4/32 10,000 11.4% 
11/5 (Postop) 13.4/41 15,000 10.8% 
11/10 (Postop) 13.8/43 7,500 3.4% 


150,000 1:3 Fragmented 

125,000 1:5 Marked fragmentation 
139,000 145 — 

365,000 Neg. Essentially normal 


EEE 
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Fics. 2a and b. (a) Fluoroscopy in systole. Tip of catheter in right atrium (RA). Note the calcified mass (outlined by arrows completely 
within RA. (b) Fluoroscopy in diastole. Note that the calcified mass is now within the right ventricle. Catheter tip in same location as (2a). 


tumor emboli are rare? and such myxomatous embolic Although right atrial myxoma may present in bizarre 
fragments rarely grow into secondary deposits. Exci- ^ ways, almost all patients have right heart failure which 


sion of the tumor and involved area ofthe atrial septum may be unresponsive to conventional therapy. Fatigue, 


is usually curative. dyspnea on exertion, hepatomegaly, and peripheral 
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edema, are commonly present. A variable presystolic 
murmur may occur with tumor movement. Other mur- 
murs are likely related to tricuspid valve abnormali- 
ties.^?-? The course is progressive with unexplained 
obstruction of the venous circulation in the conspicu- 
ous absence of pulmonary disease or left heart failure. 
Right bundle branch block has been recorded in as 
many as one third of reported cases.?:!?:!5 Cardiac cath- 
eterization is most likely to show elevation of right 
atrial pressures and a diastolic gradient across the tri- 
cuspid valve. A right to left atrial shunt may be noted 
in the presence of a patent foramen ovale or atrial 
septal defect.^!*!5 Cineangiocardiogram demonstrat- 
ing a mobile filling defect is the ultimate means for 
diagnosis.'' However, failure to inject dye directly into 
the right atrium may result in the myxoma being missed 
as was probably the case with our patient at the first 
catheterization. Careful echocardiography has been 
shown to accurately diagnose the presence of both left 
and right atrial myxoma and should prevent the mis- 
diagnosis of this lesion. 

Cardiac myxoma in childhood is rare, and very few 
right atrial myxomas have been recorded in this age 
group. Sanyal noted only two right atrial myxomas 
recorded in children by 1967.5 At least one has since 
been added to literature.! Interestingly, this most 
recently recorded childhood right atrial myxoma was 
also characterized by hemolytic anemia with iron de- 
pletion. The patient responded poorly to steroid ther- 
apy and poorly to conventional therapy of heart failure. 
Diagnostic findings were subsequently noted on cinean- 


Fic. 3. Right atrial myxoma being lifted intact from right atrium. 
Note calcification just beneath forceps. 


ATRIAL MYXOMA 





243 


TABLE 3. Reports of Familial Occurrence of Atrial Myxoma 


Author Patients Anatomic Location 





l. Krause, 1971! Left atrium 
Right ventricle outflow 


tract 


25 y/o male 
35 y/o brother 


2. Kleid? and Hey- 14 y/o male Left atrium 
dorn, 1973? 16 y/o brother Right atrium 
3. Farah, 1975? 21 y/o male Right atrium 
30 y/o sister Left atrium 
4. Siltanen, 1976" mother Biatrial 
12 y/o son Left atrium 
16 y/o son Right atrium 
18 y/o son Left atrium 
5. Liebler, 1976"! 25 y/o male Left atrium 


34 y/o brother Left atrium, right 


atrium (2), right 


ventricle 
42 y/o brother Left atrium, and right 
ventricle 
46 y/o brother Left atrium and right 
ventricle 
6. Crawford, 1978 mother Left atrium 
12 y/o daughter Right atrium 





giography and the tumor was removed 16 months after 
the patient’s first admission. The diagnosis of myxoma 
in children is typically delayed by the rarity of its oc- 
currence in this setting, by the lack of specificity of 
Signs and symptoms, and by the misleading constitu- 
tional signs. 

A familial tendency is noted in textbook descriptions 
of myxoma, but surprisingly few instances of such oc- 
currence are well documented. Krause reported the 
first such occurrence in the English language literature 
in a report of two brothers.'? Subsequent reports have 
added four families, two with several involved mem- 
bers (Table 3).?7?9-!'/7 One interesting aspect is that 
in spite of the usual 3:1 prevalence of left atrial myx- 
oma, each of these familial occurrences involves oppo- 
site atria in the affected members. Although several 
modes of genetic transmission have been postulated, 
none is well substantiated. 

While calcified myxomas are rare, they do occur 
more often in the right atrium. They are infrequently 
identified on standard x-rays but may be with special 
short exposure films. They are readily seen at fluoros- 
copy and at the time of cardiac catheterization. Cal- 
cific debris has been noted within the pulmonary vas- 
cular tree in at least one case.? The duration of symp- 
toms in patients with calcified tumors has been noted 
to be longer than in those with noncalcified tumors." 

Tricuspid insufficiency in association with right atrial 
myxoma has been reported in several patients and 
seems to occur most often with calcified tumors.? At 
least one instance of an unattached myxoma traveling 
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through the valve orifice is recorded prior to our ex- 
perience.? In these patients, a holosystolic murmur of 
tricuspid insufficiency is frequently noted in addition 
to other variable murmurs typical of myxoma. Because 
pressure tracings in the superior vena cava, right 
atrium, and right ventricle may be similar when valve 
destruction is complete, Ebstein's anomaly has been 
suspected clinically (as occurred early in the evalua- 
tion of our patient). Attempts to do valvuloplasty or 
avoid valve replacement in instances of severe valve 
destruction by right atrial myxoma have resulted in 
clinically severe valvular insufficiency or even death 
following successful removal of the tumor." In at least 
one patient, a second operation for valve replacement 
was necessary because of disability following removal 
of the calcified myxoma.* 

Hemolytic anemia is apparently also more likely to 
occur with calcified myxoma, though anemia has been 
recorded in over one third of atrial myxomas.'* Throm- 
bocytopenia has also been noted in several cases and 
is readily reversed by removal of the tumor.''? The 
stigmata of hemolytic anemia have been well docu- 
mented with initial findings on peripheral blood smear 
of fragmented red blood cells, burr cells, and elevated 
reticulocytes. Total serum iron may be depleted by 
urinary excretion of free hemoglobin and siderocytes. 
Bone marrow erythropoiesis is intensive and megar- 
caryocytes are typically normal. A shortened life span 
of transfused labeled red blood cells has been docu- 
mented.'? The turbulent flow induced by the tumbling 
and projection of the myxoma into the atrium and tri- 
cuspid valve area is postulated as the etiology of these 
hematologic abnormalities although the calcium spic- 
ules and rough edges of the tumor probably contribute. 
Removal of the myxoma usually results in a complete 
return to normal of all such hematologic abnormalities 
as demonstrated by our patient. ?? 

Cardiac myxomas are infrequently encountered le- 
sions. Certain aspects of myxomas such as right atrial 
location, calcification, occurrence in childhood, fa- 
milial occurrence, and hematologic abnormalities are 
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particularly unusual. We have successfully treated a 
young girl with a calcified right atrial myxoma who 
particularly well illustrates most of these unusual as- 
pects. 
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tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $27.00 
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75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 
Friesen: SURGICAL ENDOCRINOLOGY ....$27.00 


Kantrex Injection in concentrations of 0.25 per cent (2.5 
mg./ml.) has been used satisfactorily as an irrigating 
solution in abscess cavities, pleural spaces, peritoneal 
and ventricular cavities 





SUPPLIED: Name 
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T110 years 
know how 


Leadership 


For 110 years the name AESCULAP 
has been synonymous with innovation 
and superb craftsmanship of surgical 
instruments. As the world’s largest 
and most prestigious instrument manu- 
facturer, we are now pleased to serve 
you here directly under our own name. 


A word about AESCULAP INOX, it 
denotes a special hardening process 
and makes a world of difference. 
Tougher instruments. Smoother 


surfaces. And longer-lasting 
instruments. 


AESCULAP designs and manu- 
factures all of its own instruments. 
That assures you of consistent 
quality, time after time. 
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San Francisco: 807 Grandview Dr., So. San Francisco, CA 94080 
New York: 235 Park Avenue South, New York, New York 10003 + Telephone: | 
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"I use it for calculating drug dosages 
and timing cardiac arrests where 
elapsed time is critical. It's always 
with me" Paul Hickey, M.D. 

Cambridge, Mass. 


HP-01. A PERSONAL 
INFORMATION SYSTEM. 

Here is perhaps the first wrist 
instrument that can become a profes- 
sional instrument. The remarkable 
HP-01. 

The HP-01 alone gives you the 
ability to interact various data: time, 
date, alarm/timer, stopwatch, 
calculator and storage memory. 

How you use the HP-01 is limited 
only by your needs. And your 
imagination. The longer you own one, 
the more uses and applications 
you can expect to discover. 


USE IT FOR WORK. 

It is not surprising that many 
medical professionals have found a 
number of vital applications for 
their HP-0l's: 

"I use it to calibrate my pulmonary 
function equipment because of its 
accuracy to a hundredth of a second" 

Ernest E. Musgrave, M.D., M.I.H 

Paintsville, KY. 





A KREMA KADLz INSTRUMENT 
FOR THE MEDICAL .. 
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Another doctor finds his HP-01 
invaluable to “time the rate of 
administration of cardiotonic and 
vasoactive medications given to 
critical patients in the Emergency 
Department: 

John F. Davison, M.D. 
Miami, FL. 

Truly, with the HP-01, you have 
a professional instrument capable of 
meeting a broad spectrum of your 
professional needs. It can handle 
everything from basic math to 
calculating metric conversions. 

It can remind you of an important 
call up to 100 hours in the future. 
And then tell you the number to call. 

It can compute how much interest 
your money will earn in a 7-1/2% 
savings account versus a 696 tax- 
exempt bond. Or convert dollars to 
Deutsche marks —and Deutsche 
marks to yen. 

In short, the professional applica- 
tions are virtually unlimited. 


AND FOR PLAY. 

The HP-01 was not designed for 
business alone. It's meant to be 
thoroughly enjoyed. 

So take it along to a road rally and 
clock precise time splits of the 
front runners. Take it sailing and use 
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it to plot your 
course. When jogging, 

use it to pace yourself and clock 
your time for a mile. Or use it to 
calculate your biorhythms before 
today’s tennis match. 


IT’S LIKE NOTHING 
YOU'VE EXPERIENCED. 

As you can see, the possible 
applications are virtually unlimited. 
That is why you should experience 
this remarkable instrument yourself. 
Visit your local dealer and ask for 
a demonstration. (For the address, 
CALL TOLL-FREE 800-648-4711. IN 
NEVADA, 800-992-5710.) Then 
you, too, may well agree with the 
words of one of your colleagues, 
“It’s a beautiful instrument” 





HEWLETT hy PACKARD 


Dept. 660C, 1000 N.E. Circle Blvd. Corvallis, OR 97330 


The HP-01 is now available in gold-filled case, 
stainless steel, or polished steel with matching 
bracelet or leather straps. Priced From $650* 
"Suggested retail price excluding applicable 

state and local taxes — Continental U. S. A., Alaska 
& Hawaii. 

Displays are photographed separately 


to simulate actual appearance. 616/65 
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DIRECTOR 


Department of 
Surgery 


The Hackensack Hospital, located in northern 
suburban Bergen County, an affiliate of the New 
Jersey College of Medicine and Dentistry, is seeking 
a full-time Director to lead the teaching and clinical 
programs of the hospital's Department of Surgery. 
Hackensack Hospital is a 500-bed comprehensive 
care center. The surgical residency program is part of 
an integrated program of the New Jersey College of 
Medicine and Dentistry. This is a challenging oppor- 
tunity for applicants in similar positions or preparing 
to assume a leadership position. Excellent 
compensation, commensurate with experience and 
liberal fringe benefits program are offered. 


Send curriculum vitae in confidence to: 


Jerald Siegel, MD 
Search Committee for Director, Dept. of Surgery 


HACKENSACK HOSPITAL 


22 Hospital Place, 

Hackensack, NJ 07601 
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POSTGRADUATE COURSES 
IN RADIOLOGY 


The departments of Radiology and Continuing 
Education of the Harvard Medical School 
announce three postgraduate courses: 


COMPUTED BODY TOMOGRAPHY FOR THE 
DIAGNOSTICIAN 


September 25-28, 1978 
Copley Plaza Hotel, Boston, MA 
AMA Category | credit: 25 hours 


CHEST DISEASE: 1978. AN INTERDISCIPLIN- 
ARY APPROACH WITH EMPHASIS ON 
RADIOLOGY 


October 16-20, 1978 
Hyatt Regency Hotel, Cambridge, MA 
AMA Category | credit: 35 hours 


ANGIOGRAPHY: 1978. ANGIOGRAPHY IN THE 
ERA OF THE NEW TECHNOLOGIES. 


October 23-26, 1978 
Hyatt Regency Hotel, Cambridge, MA 
AMA Category | credit: 30 hours 


For further information, please contact: 


Herbert L. Abrams, M.D. 
Cook Professor and Chairman 
Department of Radiology 
Harvard Medical School 
25 Shattuck Street 
Boston, MA 02115 
(617) 732-6273 
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VERSATONE* BI-DIRECTIONAL DOPPLER MODEL D9 
Used with one of four plug-in probes, MedSonics Bi- 
directional Doppler employs ultrasound and the Doppler 
shift principle to detect blood flow and to distinguish the 
direction of flow. It provides explicit separation of advanc- 
ing and receding blood flow, even in the presence of simul- 
taneous flow in two directions. The Model D9 has a variety 
of outputs, including built-in loudspeaker, stereo head- 
phones, tape recorder jacks, and calibrated outputs for 
graphic recording. Three pencil type probes (5MHz, 8MHz 
and 10MHz) and one flat probe (5MHz) suitable for taping 
in place are available. 





VERSATONE TWO-CHANNEL CHART RECORDER 
MODEL R12A The VERSATONE two-channel Chart Re- 
corder is used to chart the Doppler signals of forward and 
reverse blood flow from the Model D9 Bi-directional Doppler. 
This Recorder can also chart an ECG signal, by itself or 
mixed with a Doppler signal. An optional, built-in ECG pre- 
amp is available. In addition, the R12A accepts many other 
"high level" physiologic signals you may wish to record, 
including those obtained from MecSonics PPG equipment. 


For more information on these and other instruments 
for the vascular laboratory, cail or write: 
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PHoToPuLsE® PPG SENSORS AND MODEL PA13 
ADAPTOR The PHOTOPULSE photoplethysmograph (PPG) 
provides a sensitive means of detecting blood volume 
changes in the microcirculation close to the skin’s surface. 
It may be applied to those parts of the body with good 
capillary beds, including digital pads, where it can be used 
to monitor pulse. The PPG also is used in a non-invasive 
procedure to detect significant obstruction of the extracra- 
nial internal carotid artery. Two PHOTOPULSE sensors are 
placed under a head band over each supraorbital area to 
record volume changes that occur when a series of com- 
pression maneuvers are carried out. 

The PA13 adaptor allows the use of two PPG sensors 
with the R12A recorder or with other laboratory chart re- 
corders. 


MedSonics, Inc. * 340 Pioneer Way, PO. Box M * Mountain View, CA 94042 
Toll-free telephone 800 227-8076 * In California, call collect (415) 965-3333 
Telex: 33-4448 * Cable: MEDASONICS 
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“Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities’... just one of the reasons why 


Current 
SUIPEOLY osos 


Editor: Lloyd M. Nyhus, M.D. 


Associate Editors: Robert E. Condon, M.D., 
W. G. Schenk, Jr., M.D., Seymour Schwartz, M.D. 
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helps Resident (special rate only $16.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience- 
a typical issue includes: 


e Focus- several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


e Indepth Reviews of Current Books in Surgery 
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Endorectal Mucosal Resection Without Proctectomy as an 
Adjunct to Abdominoperineal Resection for 


Five patients with chronic ulcerative colitis underwent endo- 
rectal excision of the rectal mucosa without removing the 
rectal muscle in combination with total colectomy and 
cutaneous ileostomy. This operative technique will cure the 
patient of the primary disease and obviates many of the 
usual unpleasant complications following total proctectomy, 
such as prolonged perineal drainage and sexual and bladder 
dysfunction. It has the further advantages of lower operative 
blood loss and earlier safe ambulation. On the basis of favor- 
able clinical experience with these patients, we believe that the 
operation warrants further clinical trial in patients who have 
biopsy-proven ulcerative colitis without severe rectal ulcera- 
tions as well as in certain other nonmalignant conditions 
originating in the rectal mucosa. 


OTAL PROCTOCOLECTOMY is the most commonly 
T performed operation for ulcerative colitis, familial 
polyposis, and certain other nonmalignant diseases of 
the colon and rectum.'* Although the majority of pa- 
tients treated in this manner are cured of their disease, 
complications related to the operative procedure occur 
sufficiently often to be a matter of serious concern, 
and occasionally influence the surgeon to perform a less 
desirable operation that leaves the rectum in place. 
Proctectomy usually adds one to two hours to the 
operative time, frequently accompanied by blood loss 
copious enough to warrant transfusion. Occasional 
patients, especially males, experience postoperative 
difficulties with sexual function caused by interrup- 
tion of the parasympathetic nerve supply to the 
genitalia, a particularly devastating situation for pa- 
tients in the second and third decades of life.*7- 
Abnormalities of bladder function resulting from in- 
jury to the autonomic nerves and muscular support in 
the pelvis are also frequently troublesome.!5 Finally, 


Submitted for publication: November 7, 1977. 


Nonmalignant Conditions: 


Clinical Experience with Five Patients 


ERIC W. FONKALSRUD, M.D., MARVIN E. AMENT, M.D. 


From the Division of Pediatric Surgery 
and Department of Pediatrics, 
UCLA School of Medicine, Los Angeles, California 


proctectomy, particularly when performed for inflamma- 


tory disease of the rectum, tends to be followed by 


perineal drainage that may persist for periods lasting 
many months and even a few years, becoming a source 
of continuing discomfort, annoyance, and embarrass- 
ment. =! 

Inasmuch as ulcerative colitis is believed to be a 
disease originating in the rectal and colonic mucosa, 
only secondarily involving the muscularis in advanced 
stages, removal of the mucosa may be adequate to al- 
leviate the condition. Despite the development of nu- 
merous operative techniques to restore intestinal con- 
tinuity following colectomy for ulcerative colitis,5®" 
achievement of satisfactory fecal continence after 
ileoanal anastomosis has been rare and rectal inflam- 
mation has persisted sufficiently often after ileorectal 
anastomosis to require subsequent proctectomy in the 
majority of patients. Total proctocolectomy and 
cutaneous ileostomy on the abdomen have therefore 
remained the operations of choice. 

In an effort to reduce the morbidity accompanying 
proctectomy, a previous experiment investigated a new 
operative technique in dogs involving resection of 
the rectal mucosa, after which the remaining rectal 
muscle was closed as a solid cord. The present study 
summarizes our clinical experience with five patients 
who underwent endorectal mucosal resection without 
removal of the rectal muscle, combined with total 
colectomy and cutaneous ileostomy for ulcerative 
colitis. 


0003-4932-78-0800-0245-0060 © J. B. Lippincott Company 
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Materials and Methods 


Within the year beginning January 1977, five pa- 
tients with chronic ulcerative colitis underwent total 
colectomy, cutaneous ileostomy, and endorectal 
mucosal resection without proctectomy at the UCLA 
Hospital. There were three men and two women, their 
ages ranging from 14 to 28 years (average 18 years). 
The duration of symptoms ranged from 6 months to 8 
years (average 3.7 years). Four patients had received 
steroid therapy as part of their treatment and two were 
on high-dose steroids at the time of operation. Every 
patient had rectal biopsy-proven ulcerative colitis 
prior to operation; however, deep ulcerations into the 
rectal muscle were not present in any case. 

During the 48 hours prior to operation, each of the 
patients was restricted to a clear liquid diet. Genta- 
mycin and clindamycin were given six hours before 
operation and for six days postoperatively. Light gen- 
eral anesthesia with endotracheal intubation was used 
and the patients were placed in the lithotomy position 
with a Foley catheter in the bladder. A lower midline 
incision was made and the entire colon was resected 
to within 15 cm of the peritoneal reflection in the pelvis. 
The mesentery to the rectosigmoid colon was divided 
close to the bowel wall. A circumferential incision was 
made through the rectal muscularis approximately 3 
cm above the peritoneal reflection, facilitated by in- 
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Fic. 1. Circumferential incision is made through rectal muscularis 


3 cm above peritoneal reflection. Mucosa is bluntly dissected from 
muscularis with epinephrine-soaked pledget. 
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Fic. 2. Everted rectal mucosa is mobilized from above and is 
removed after incising anal mucosa circumferentially just distal to 
dentate line. Anal sphincter is then divided posteriorly and 
laterally. 


jecting epinephrine solution (1:100,000) between the 
mucosa and muscularis. The rectal mucosa was sepa- 
rated from the muscularis by blunt dissection using 
an epinephrine-soaked pledget, inferiorly extending 
below the level of the dentate line (Fig. 1). The numer- 
ous small vessels communicating between the mucosa 
and muscularis were cauterized to minimize blood 
loss. The procedure was performed under direct visual 
control, approximately reaching the level of the tip of 
the coccyx and was then extended to the dentate line 
by blunt dissection. The rectal mucosa was ligated at 
the level of the peritoneal reflection and the proximal 
rectosigmoid was excised. The rectal mucosa was then 
everted through the anus, facilitated by a clamp ex- 
tended up from below. The anal mucosa was incised 
circumferentially just distal to the dentate line and the 
dissection was carried up to the space between the 
mucosa and muscularis developed from above (Fig. 2). 
The rectal mucosa was removed and the anal sphincter 
was then completely divided posteriorly and laterally 
to assure adequate drainage. After irrigating the endo- 
rectal space with triple antibiotic solution, a small 
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FiG. 3. Cross-section of rectum 4 cm above dentate line from 
dog that had mucosal proctectomy two months previously. The 
lumen is oblitered and there is only mild chronic inflammation 
(Hematoxylin and eosin, x16). (From Dinbar and associates*). 


rubber drain was inserted from below to a distance of 
6-8 cm. The upper end of the rectal muscle was over- 
sewn with absorbable suture material and the peri- 
toneum was closed over the rectal muscle as a sepa- 
rate layer. A cutaneous ileostomy was constructed on 
the right lower abdominal wall. The average operative 
blood loss was 375 cc. 

Oral feedings were initiated in all patients by the 
third postoperative day. The bladder catheter was re- 
moved within 48 hours and no patient experienced 
bladder dysfunction. Ambulation was initiated within 
24 hours after operation and sitz baths commenced 
within 72 hours. The endorectal drain was gradually 
advanced out between the second and sixth postopera- 
tive days. Each of the perineal wounds closed by the 
seventh postoperative week. Two of the patients re- 
ported having normal sexual function and two boys 
indicated that they had experienced erections by the 
third postoperative month. 
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Discussion 


It has become increasingly apparent that most pa- 
tients with chronic ulcerative colitis who have not 
experienced remission with medical therapy will bene- 
fit from colectomy. Despite reports by Aylett and asso- 
ciates? indicating the ileorectal anastomosis is likely 
to be successful in as many as 95% of patients, ex- 
perience with rectum-preserving operations in the 
United States has been dismal; more than 7546 of 
patients require subsequent proctectomy, even in the 
absence of ileorectal anastomosis.? Generally, Ameri- 
can surgeons reserve use of the ileorectal anastomosis 
for the less than 1046 of carefully selected patients 
who have quiescent, minimal, or no rectal disease. 
Even in these patients the failure rate of ileoproctos- 
tomy has ranged from 15 to 5246 and the incidence of 
subsequent rectal cancer has been as high as 6%.'*"" 
Moss and Keddie!’ report a 4.5% mortality rate for 
delayed proctectomy. It is now widely accepted that 
the mortality and morbidity for one stage coloproc- 
tectomy is lower than that for two stage colectomy 
followed by proctectomy. 

Inasmuch as most complications associated with 
coloproctectomy are due to resection of the rectum, 
new operative techniques should be evaluated to re- 
duce the morbidity. In contrast to cancer ofthe rectum, 
requiring removal of all layers of the intestine for opti- 
mal treatment, ulcerative colitis is primarily a disease 
of the mucosa and removal of the rectal mucosa should 
be curative. Rectal biopsy to exclude the possible 
presence of granulomatous colitis is essential since 
endorectal mucosal resection is contraindicated in 
diseases involving the muscularis. Preoperative proc- 
toscopy is also helpful to determine the severity of 
the rectal inflammation in view of the fact that mucosal 
ulcerations extending into the muscularis make resec- 
tion of the mucosa difficult and in rare cases unfeasible. 
Similarly, perianal fissures and fistulae in the occa- 
sional patient with ulcerative colitis exacerbate the 
difficulty but do not contraindicate the operation. It is 
important to remove all mucosa from the rectum in 
order to reduce the incidence of prolonged postopera- 
tive drainage. Once the plane of dissection has been 
established, the rectal mucosa can be separated from 
the muscle with surprising ease in patients with mild 
inflammation. The prolonged perineal drainage com- 
monly following proctectomy for ulcerative colitis, one 
of the major causes of morbidity that often necessitates 
secondary operative procedures, may be almost 
eliminated when mucosal resection is performed. 
The average time for perineal wound closure in the 
present study was seven weeks, in contrast to the 
average period of slightly over six months in the pre- 
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vious 25 patients who underwent conventional proc- 
tectomy. It has been shown that the inner surface of 
the rectal muscle rapidly adheres to itself, obliterat- 
ing the endorectal space and forming a solid cord 
(Fig. 3). Blood loss has been considerably less than 
that experienced with conventional complete proctec- 
tomy for colitis. 

One of the major reasons that young men with 
colitis defer proctectomy despite the presence of 
severe disease is the fear of postoperative impotence. 
Leaving the rectal muscle in situ virtually eliminates 
the possibility of this condition as well as bladder dys- 
function. Moreover, the bladder catheter can be re- 
moved early in the postoperative period. Patients 
undergoing mucosal proctectomy may be ambulated 
more quickly than they can after complete proctectomy 
inasmuch as the pelvic floor is considerably stronger, 
enabling easier management of pulmonary secretions. 

The feasibility of removing the rectal mucosa without 
disturbing the rectal muscle has been demonstrated 
experimentally and the technique has found wide clini- 
cal application when combined with a colon pull- 
through operation for Hirschsprung's disease and high 
imperforate anus malformations.'?!» Similar mucosal 
stripping operations combined with ileal pull-through 
and ileoanal anastomosis have been evaluated in dogs 
and in occasional patients and are still under intensive 
study. However, the inability of these patients to re- 
tain fecal content for more than a few hours at a time has 
limited the procedure's clinical application.*® 
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Impact of Oral Antibiotic Regimen on Colonic Flora, Wound Irrigation 
Cultures and Bacteriology of Septic Complications 
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A ten hospital cooperative study comparing prophylactic oral 
neomycin and erythromycin base versus placebo demon- 
strated clinical efficacy of the antibiotics in preventing septic 
complications following elective colon operations. The present 
report concerns microbiological studies accomplished during 
this trial. Cultures of colon contents during surgery showed 
the antibiotic prep reduced concentrations of both aerobes 
and anaerobes by approximately 10° bacteria/ml. Virtually 
all major bacterial components of the normal flora were 
affected. Wound irrigation specimens at the time of closure 
failed to predict subsequent wound infection, but significantly 
fewer antibiotic recipients had positive irrigation cultures. 
Postoperative stool specimens showed that the oral antibiotics 
did not cause an emergence in resistant forms. Bacteriological 
studies of postoperative infections indicated that most post- 
operative infections involved a mixed aerobic—anaerobic 
flora, and that Bacteroides fragilis accounted for six of eight 
episodes of bacteremia. 


HE VETERANS ADMINISTRATION Cooperative Study 
T on Bowel Preparation for Elective Colon Surgery 
recently completed an assessment of prophylactic oral 
neomycin and erythromycin base. The results showed 
that this regimen produced a significant reduction in 
postoperative septic complications when compared to 
placebo. Details of the clinical observations have 
been the subject of a previous publication.” The present 
report concerns the bacteriological studies which 
were accomplished in this cooperative study. 

These studies included quantitative cultures to deter- 
mine the impact of the oral antibiotics in terms of 
both types and concentrations of bacteria in the colonic 
lumen at the time of resectional surgery. Profound 
changes in the flora were previously noted with this 
prep by Nichols et al.’ The present report represents a 
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more detailed analysis of this observation. Postopera- 
tive stool specimens also were cultured to detect 
emergence of antibiotic-resistant bacteria; these organ- 
isms were of concern because of their potential role 
in postoperative infections involving resistant strains 
and for their detrimental affect on the endemic 
hospital flora. Additional studies were designed to 
determine if wound irrigation specimens obtained at 
the time of closure served to predict the subsequent 
evolution of a wound infection. The final bacterio- 
logical study defined the flora of infections related 
to the operation. 


Materials and Methods 


Patients scheduled for elective colon resection in 
ten participating hospitals were randomized into two 
groups to receive either preoperative prophylactic 
antibiotics or placebo. The antibiotic regimen consisted 
of oral neomycin and erythromycin base, each given in 
l g doses at 1 PM, 2 PM and 11 PM on the day 
preceeding surgery. Operations were started at 8—9 
AM. All patients received an identical mechanical 
bowel preparation and none received additional anti- 
microbials unless they were required postoperatively 
for documented infections. Each hospital had a nurse- 
epidemiologist assigned to the study who followed the 
patient's course, observed the wound daily, and com- 
piled patient data forms for computer analysis. The 
study was monitored by an Operations Committee 
which periodically reviewed unblinded data. The study 
was discontinued when this Committee found that the 
antimicrobial regimen produced a statistically signifi- 
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cant reduction in septic complications. Complete de- 
tails of study design and the clinical results have 
been reported elsewhere.’ 

Nine of the ten participating hospitals had research 
laboratories to accomplish microbiology studies. It is 
important to note that all bacteriologic specimens 
were handled in a blinded fashion by the research 
laboratories. Four types of specimens were processed 
in these laboratories: 


Colonic Contents Obtained Intraoperatively 


Aspirates were obtained from the colonic lumen to 
determine the impact of the antimicrobial bowel 
preparation on the colonic flora. A three inch seg- 
ment of colon was clamped with noncrushing clamps 
either before or immediately after resection. Ten milli- 
liter of lactated Ringer's solution were instilled into 
the lumen through a #18 gauge needle, manuallv 
mixed with colonic contents for 30 seconds and then 
aspirated. Any gas aspirated was discharged from the 
syringe, the needle was capped with a rubber stopper, 
and the syringe was transported immediately to the 
laboratory. The time period from collection of the 
specimen until incubation of the inoculated plates 
was recorded in each instance. 

In the laboratory, the specimen was vortexed to 
achieve homogeneity and a 0.1 ml sample was placed 
in 9.9 ml Brucella broth. Three serial 100-fold dilu- 
tions were made using Brucella broth or VPI dilution 
salts. Aliquots of 0.1 ml of each dilution were then 
placed to give final dilutions of 107?, 1075, 10’, and 
10°. Media used for the recovery of aerobic and faculta- 
tive bacteria were blood agar, MacConkey or eosin- 
methylene blue agar, Pfizer Selective Enterococcus 
agar, and mannitol-salt or polymyxin Staphylococcus 
medium. Media used for the recovery of obligate 
anaerobes vere Brucella base blood agar with 10 
g/ml menadione (BMB), and BMB containing 75 
pg/ml kanamycin plus 7.5 pg/ml vancomycin. An- 
aerobic plates were prepared fresh or were stored in 
anaerobic conditioris prior to use. Aerobic plates were 
incubated in air at 35° and read at 24—48 hours. An- 
aerobic plates were incubated on GasPak® jars or an 
anaerobic glove box at 35? and held a. minimum of 
seven days. 

The numerically dominant colony types were enu- 
merated, isclated and identified. Aerotolerance test- 
ing was performed on the predominant organisms re- 
covered from anaerobic plates. Identification criteria 
were according to established procedures for aerobic 


and facultative strains? and according to any of three - 
reference manuals for anaerobes.??? Results were re- - 


corded for total concentrations of anaerobic and 


aerobic bacteria, and for the five numerically dominant 
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colony types of both aerobes and anaerobes. Con-~~ 


centrations were expressed as log; colony-forming 


units (CFU)/ml colonic aspirate. 


Wound Irrigation Specimen 


A wound irrigation specimen was obtained to deter- 
mine if bacteria in the wound at the time of closure 
served to predict subsequent wound infection. Ten 
milliliter of Ringer's lactate was flushed into the wound 


. just prior to closing the skin and fat. This was aspirated 


and promptly delivered to the laboratory using the 
closed syringe technique described above. The speci- ` 
men was vortexed and serial dilutions were per- 
formed to give final dilutions of 10^? and 107°. 
Aliquots of 0.1 ml of the undiluted and two serial 
dilutions were plated on blood agar for incubation in 
5-10% CO,, and on BMB agar for incubation in 
anaerobic conditions. Colony types were enumerated 
and the five predominant aerobes and anaerobes 
were identified. 


Postoperative Stool Specimen 


The bacteriology of a postoperative stool specimen 
was studied to determine if the preoperative anti- 
biotic regimen led to emergence of resistant forms in 
the colonic flora. This specimen was collected between 
the seventh and fourteenth day following operation. 
In the laboratory it was homogenized and diluted to 
give final concentrations of 107°, 1075 and 1077. Ali- 
quots of 0.1 ml of each dilution were plated on the 
following media for incubation in air: blood agar, 
mannitol-salt or polymyxin Staphylococcus agar, 
Pfizer Selective Enterococcus agar, MacConkey or 
eosin-methylene blue agar, Sabouraud's agar and 
blood agar containing 20 ug/ml neomycin. Concen- 
trations were recorded for total aerobes, the three 
numerically dominant aerobes, the three numerically 
dominant aerobic grain-negative bacilli, fungi, Staph- 
ylococcus aureus, and aerobic gram-negative bacilli 
recovered from the blood agar containing neomycin. 
The latter organisms were tested for susceptibility to 
gentamicin using the Kirby-Bauer disc susceptibility 
test. 


Specimens from Clinical Infections 


An attempt was made to process clinical specimens 
from infections related to the operation in the partici- 
pating research laboratories. The analysis was re- 
stricted to wound infections with a purulent dis- 


. charge, peritonitis fluid, or intra-abdominal abscess 


contents. Blood cultures and bacteriology specimens 
from infections not directly related to the operation 
were processed in the clinical microbiology labora- 
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TABLE 1. Results of Prophylactic Antimicrobials in 
Elective Colon Surgery 








Placebo Antibiotic 
(60 (56 P Value for 
Patients) Patients) Difference 
Total septic complications 
related to the operation 26 (43%) 5 (9%) 001 
wound infections 21 (35%) 5 (9%) .002 
intra-abdominal 
abscess or 
peritonitis 10 (17%) 2 (4%) 05 
bacteremia 7 (12%) 1 (2%) .01 





tories. Clinical specimens for research laboratories 
were collected in closed syringes whenever feasible. 
These were delivered promptly to the laboratory for 
plating using a semiquantitative streak technique on 
the same media described for the colonic lumen speci- 
mens. All isolates were identified. 


Results 


One hundred sixteen patients were evaluated; 56 
were treated with the prophylactic antimicrobial 
regimen and 60 received placebo. Analysis of the 
clinical data showed septic complications related to 
the operation in 26 (43%) of the placebo group and 
5 (9%) of those receiving antibiotics (Table 1). 


Intraoperative Specimen 


Ninety-one patients had microbiological studies of 
the colonic contents aspirated during the operative 
procedure. The mean duration of air exposure of 
these specimens from the time of collection until incu- 
bated in anaerobic conditions were 12.5 minutes 
+ 1.4 min (1 SEM). Forty-six specimens were plated 
on freshly prepared media and 45 were plated on 
prereduced stored media which had a median shelf 
life of five days. Twenty-seven specimens were 
processed in an anaerobic chamber and 64 were proc- 
essed on the bench using GasPak jars for incubation. 


Analysis of the data for fresh versus stored media and - 


for processing in the anaerobic chamber compared to 
GasPak jar techniques showed no significant differ- 
ences. 

Microbiological studies of colenic aspirates indi- 
cated that the antimicrobial bowel prep had a profound 
effect on both the aerobic and anaerobic com- 
ponents of the colonic flora (Table 2). Mean con- 
centrations of aerobic bacteria were 107° CFU/ml in 
patients receiving placebo compared to 10%? CFU/ml 
in patients given neomycin and erythromycin base. 
Concentrations of anaerobic bacteria were 108-8 
CFU/ml and 10?" CFU/ml for the placebo and anti- 
biotic groups, respectively. A t-test for independent 
means showed these differences to be highly signifi- 
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cant (p « .0001) for both aerobes and anaerobes. Six 
patients in the antibiotic-treated group had no bac- 
teria recovered; these specimens were assigned a zero 
concentration score in the previous analysis, although 
the lowest detectable concentration was 10? CFU/ml. 
To overcome this arbitrary assignment, a nonpara- 
metric test (Wilcoxon Rank Sum Test) which orders 
the relative concentrations, was used to compare the 
two treatments. This test of independent means 
again showed that these differences were highly sig- 
nificant (p « .0001) for both aerobes and anaerobes. 

The data also were analyzed for the major isolates 
in colonic contents (Table 3). Comparisons of results 
for the placebo and antibiotic treatment groups were 
made using a t-test of independent means of con- 
centrations and Chi square analysis of recovery rates. 
The antibiotic regimen resulted in a significant reduc- 
tion in nearly all major microbial types except for 
organisms which were infrequently isolated in both 
groups, such as Pseudomonas sp, Streptococcus 
fecalis, Staphylococcus aureus and fungi. 


Wound Irrigation Specimen 


Bacteriological studies were performed on 91 
would irrigation specimens obtained at the time of 
closure of the abdominal incision. Bacteria were re- 
covered in 43 (47%) of the specimens. These were 
divided into two groups based on the types of bacteria 
recovered. In 18 specimens the organisms were re- 
garded as skin or laboratory contaminants; the pre- 
dominant isolates were S. epidermidis and Propioni- 
bacterium acnes which were recovered in nine speci- 
mens each. In 25 specimens the organisms were 
considered colonic flora with the predominant isolates 
being Bacteroides fragilis (12 specimens), enterococci 
(4), E. coli (4), and Peptococci (4). Staphylococcus 
aureus was recovered in only a single specimen. 

Correlation of positive wound irrigation cultures 
with the subsequent development of wound infection 
is summarized in Table 4. This analysis is restricted 
to irrigations yielding colonic flora and to wounds 
recorded as having purulent discharge. Only four 
of the 24 culture-positive specimens were from pa- 
tients who subsequently developed wound infections. 
Viewed in another way, 2596 of the patients who 


TABLE 2. Microbiology of Colon Contents Obtained 
During Surgery 








Treat- 

ment No. of Patients Aerobes Anaerobes 
Placebo 47 7.0 + .2* 8R + 2 
Antibiotic 44 32 4 3.7 + 4 


utu wal eee cU eae e n 
* Concentration expressed as log, CFU/ml + one standard error 
of the mean. 
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TaBLE 3. Microbiology Studies of Colon Contents Obtained at Surgery 


a t n ——————— 


Placebo 
(47 patients) 
Aerobic bacteria 47 (7.0 + .2)7 
gram-negative bacilli 46 (6.8 + .2) 
Escherichia coli 42 (6.9 + .2) 
Klebsiella sp. 12 (5.2 + .4) 
Enterobacteraceae (other) 8 (6.4 + .6) 
Pseudomonas sp. 8 (5.0 + .4) 
gram-positive cocci 28 (5.8 + .3) 
Streptococcus faecalis 15 (5.5 + 53) 
Streptococcus (other) 9 (6.6 + .4) 
Staphylococcus aureus SQ 225) 
gram-positive bacilli 8 (5.3 + .6) 
Anaerobic bacteria 47 (8.8 + .2) 
gram-negative bacilli 47 (8.5 + .2) 
Bacteroides fragilis 48 (8.5 + .3) 
Bacteroides sp (other) 23 (8.3 + .2) 
gram-positive cocci 10 (8.6 + .4) 
gram-positive bacilli 32 (7.6 + .3) 
Clostridia 21 (7.4 + .4) 
Fungi 5 (3.4 + .4) 


* Statistical analysis includes t-test of independent means 
for differences in microbial concentrations and chi square analysis 
for recovery rates. N.S. = not significant (p > .05). 


subsequently developed a wound infection had colonic 
flora in the irrigation specimen from the wound at the 
time of closure. Concentrations of bacteria were 
1023 + 0.3/ml in the 21 specimens from patients with- 
out wound infections compared to 107-8 + 0.4/ml in the 
four specimens from those with infection. 

Statistical analyses by the t-test and Chi-square test 
showed no significant correlation between positive 
wound irrigation cultures and subsequent wound in- 
fection. There was also no significant difference 
when the correlation between wound infection and 
positive would irrigation cultures was analyzed separ- 
ately for patients receiving placebo and those receiv- 
ing prophylactic antibiotics. The best correlation was 
noted when the results of wound irrigation bacteriology 
were compared according to treatment regimen. This 
showed 18 of 47 patients receiving the placebo regimen 
had positive cultures while only six of 44 receiving 
the antibiotic regimen had positive cultures. Chi square 
analysis shows this difference to be highly significant 
(p « .005). 


Postoperative Stool Specimens 


Bacteriological studies were performed on post- 
operative stool specimens from 85 patients. The re- 
sults showed only minor differences between patients 
receiving antibiotics compared to those receiving 
placebo (Table 5). Chi-square analysis of the two 
groups showed no significant differences in recovery 
rates for aerobic gram-negative bacilli resistant to 
neomycin, aerobic gram-negative bacilli resistant to 


Statistical analysis of 


difference 
Antibiotic t-Test x? Test 
(44 patients) P Value P Value 
30 (3.2 + A) 001 001 
19 (4.0 + .4) 01 001 
12 (4.4 + .5) .01 .001 
1 (3.5) NS 02 
221° 1.2) NS NS* 
8 (3.0 + .4) .01 NS 
14 (4.8 + .5) NS 01 
9(5.6 + .7) NS NS 
3G.4 € .6) NS NS* 
3 (4.7 + 2.4) NS NS 
43.0 + .9) .03 NS 
33 (3.7 + .4) .001 001 
25 (4.6 + .4) 01 .001 
20 (4.3 + .4) 01 .001 
7(4.4 € .8) .01 .001 
3(5.3 + 1.1) .01 OS 
22 (4.6 + .4) .01 NS* 
16 (4.6 + .5) .01 NS 
11 (36:3 45) NS NS* 


+ No. of specimens harboring this organism (mean concentration 
expressed as log; CFU/ml colonic aspirate + 1 standard error of 
the mean). 


gentamicin, S. aureus, or fungi. A t-test of independent 
means also showed no significant differences between 
these groups in the concentrations of organisms iso- 
lated. Thus, ingrowth of the resistant forms did 
not appear to be a complication of the antimicrobial 
regimen used in this study. 


Bacteriology of Septic Complications of Surgery 
Nineteen of 31 patients with septic complications 
related to the operation had clinical specimens proc- 


TABLE 4. Correlation of Wound Irrigation Bacteriology at Time of 
Closure with Subsequent Development of Wound Infection 





Wound Irrigation 


Culture* 
Positive | Negative p value? 
A te 8 ar cee le a eg 
All patients 24 67 
wound infection 4(17%) 12 (18%) N.S. 
no wound infection 20 (83%) 55 (82%) 
Placebo recipients 18 29 
wound infection 4 (22%) 8 (28%) N.S. 
no wound infection 14 (78%) — 21 (72%) 
Antibiotic recipients 6 38 
wound infection 0 4 (10%) N.S. 
no wound infection 6 (100%) 34 (8992) 
All patients 24 67 
antibiotic 6 (25%) | 38 (57%) .005 
placebo 18 (75%) 29 (43%) 


nae MM RM 
* Positive culture refers to specimens which yielded colonic flora. 
t Chi-square analysis for difference between groups. 
N.S. = not significant (p > .05). 
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TABLE 5. Bacteriological Results of Postoperative 
Stool Specimens 





Antibiotic 
(39 patients) 


Placebo 
(46 patients) 





Concen- Concen- 
No. of tration of No. of tration of 
Patients Bacteria Patients Bacteria 
Aerobic bacteria — 46 89+ .2* 39 90+ .l 
gram-negative 
bacilli resistant 
to neomycin 16 (35%) 61+ .5 12 (31%) 46+ .6 
gram-negative 
bacilli resistant 
to gentamicin 2 (4%) 7.6 + 1.8 4 (19%) 45+ 6 
S. aureus SCL) S Es 3 3 (8%) 4.7 + 2.4 
Fungi 11 (24%) 4.7+ .4 14 (36%) SO+ 4 





* Concentration expressed as log CFU/ml + 1 SEM. 


essed in research laboratories. These included exu- 
dates from 17 patients with wound infections and two 
patients with intra-abdominal abscesses. All except 
three of these patients had received the placebo regi- 
men. Bacteriology studies showed that 17 of the 19 in- 
fections harbored a mixed aerobic-anaerobic flora, 
while one yielded only aerobes and one had only 
anaerobes. The predominant isolates were Bacteroides 
fragilis and E. coli. 

Fight patients had bacteremia ascribed to infections 
related to the operation including seven who received 
placebo and one patient who received the antibiotic 
prep. The predominant blood culture isolate was B. 
fragilis which was recovered from six of the eight 
bacteremic patients. An additional patient had a 
‘Bacteroides species" which was not further identified. 
One patient had polymicrobial bacteremia with both 
E. coli and B. fragilis. 


Discussion 


During the course of a clinical trial to evaluate an 
oral antibiotic bowel prep versus placebo, four bac- 
teriologic studies were undertaken in nine of the 
participating hospitals. The first study concerned the 
impact of the orally administered antibiotic prep, 
erythromycin base plus neomycin, on the colonic flora. 
Theoretically, a decrease in the intraluminal flora 
would reduce the level of potential bacterial con- 
tamination with its inherent consequences to the 
anastomosis, the peritoneal cavity and the cutaneous 
wound. Neomycin was used to reduce aerobic gram- 
negative bacilli. Erythromycin base was used primarily 
to reduce colonic anaerobes although this agent also 
is active against many aerobic gram-positive bacteria. 
Each agent was given in a total dose of 3 g during the 
19 hours prior to operation. This high dose, short 
duration regimen was selected to maximize the effect 
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on the fecal flora in a sufficiently short period to 
prevent ingrowth of new resistant forms. The needle 
aspiration technique-used to test this hypothesis was 
studied previously and found to correlate well with 
bacteriological analyses of undiluted colonic contents 
obtained directly from the lumen. ' 

The results of our study showed that the prophylactic 
oral antibiotic regimen had a profound impact on the 
colonic flora. Comparison of specimens from antibiotic 
recipients and from placebo controls showed that the 
drugs produced a decrease approximately 1!0°/ml in 
mean bacterial concentrations of both aerobes and 
anaerobes. Analysis of the data by bacterial species 
showed that virtually all major components of the 
intestinal flora were affected. These findings are in 
general agreement with a previous study of this 
antibiotic bowel preparation reported by Nichols et al.’ 
Thus, we support the postulate that the mechanism of 
action which accounts for the demonstrated clinical 
efficacy of this antimicrobial regimen is the reduced 
concentration of colonic bacteria at the time of surgery. 

The second bacteriological study tested the validity 
of bacteriological analyses of wound irrigations col- 
lected at the time the abdominal incision was closed 
as a method to predict the subsequent development of 
a wound infection. Twenty-two of the 91 specimens 
yielded colonic bacteria; it might be anticipated that 
these patients would be particularly prone to post- 
operative infections. No correlation was found, how- 
ever, between wound bacteriology at the time of 
closure and subsequent wound infection. The strongest 
correlation was noted when wound cultures were as- 
sessed according to treatment regimen. Only 11% of 
antibiotic recipients had positive wound cultures com- 
pared to 38% in the placebo group. 

The third investigation was designed to determine 
the effect of the oral antibiotics on the subsequent 
emergence of resistant bacteria in the patient's fecal 


TABLE 6. Bacteriology of Infected Sites 





Exudate Blood 
Culture Culture 
(19 patients) (8 patients) 
——— ——— at eh ata 
Aerobes 18 2 
E. coli Í 
gram-negative bacilli (other) 5 
Enterococci 2 
Streptococci (other) 7 
3 
4 


ut 


l 
i 


$. aureus 
S. epidermidis 
Anaerobes 18 4 
B. fragilis 15 
gram-negative bacilli (other) 6 
Peptostreptococci 4 
Peptococci 4 
4 
2 


d 


Clostridia 
Eubacteria 
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fiora. This aspect is of concern because of the po- 
tential for postoperative infections to be caused by 
resistant bacteria, as well as the overall impact on 
the endemic hospital flora. It should be noted that 
these factors were major considerations in the selec- 
tion of agents used in this study. Neither erythro- 
mycin nor neomycin are frequently employed for 
parenteral use in postoperative infections so that the 
development of resistance to these antibiotics would 
be unlikely to jeopardize future antimicrobial options. 
~The brief duration of antimicrobial exposure, i.e., 
three doses administered in a ten hour interval, was 
selected in an attempt to minimize the risk of acquiring 
resistant bacteria. 

The bacteriologic studies designed to assess this 
aspect were collections of stool at seven to 14 days 
following operation when a new, stable flora could be 
anticipated. The analysis failed to show any significant 
increases in Staphylococci, fungi, or antibiotic-resist- 
ant gram-negative bacilli in patients receiving anti- 
biotics. 

The fourth area of study involved cultures of 
exudate from 19 postoperative infections associated 
with the operative site. The results showed that 17 in- 
volved a mixed aerobic-anaerobic flora. The poly- 
microbial nature and the types of bacteria encountered 
indicate that bacteria originating in the fecal flora 
were primarily responsible for these complications. 
Two organisms stood out in terms of frequency of 
isolation: E. coli and B. fragilis. This finding is 
consistent with other studies of similar infections in 
which optimal bacteriological techniques were em- 
ployed.* It is noteworthy that S. aureus was found 
in just three specimens and enterococci were found in 
only two. The blood culture results also are of particu- 
lar interest, showing that B. fragilis accounted for 
six of eight bacteremias. 

The findings of the bacteriologic studies lend cre- 
dence to the clinical results which establish the 
efficacy of the neomycin-erythromycin base bowel 
prep. In addition, there is some assurance of safety 
regarding the failure to encounter antibiotic resistant 
bacteria in the fecal flora or in postoperative infections. 
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BARTLETT AND OTHERS 
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Medical School, Chicago, IL; John A. Washington, M.D., Mayo 
Clinic, Rochester, MN. 

Principle Investigators: Gregory H. Cross, Capt. MC, USN, 
USNRMC, Great Lakes, IL: H. Earl Gordon, M.D., Wads- 
worth VAH, Los Angeles, CA; Herbert Greenlee, M.D., VAH, 
Hines, IL; George L, Irvin, M.D., VAH, Miami FL; Willard C. 
Johnson, HI, M.D., VAH, Boston, MA; Paul H. Jordan, JR., 
M.D., VAH, Houston, TX: Marvin Kaplan, M.D., VAH, Long 
Beach, CA: Sergio Mandiola, VAH, Sepulveda, CA: Ronald L. 
Nichols, M.D., VAH, North Chicago, IL; William J. Schulte, 
M.D., VAH, Wood, WI; F. Kristian Storm, M.D., VAH 
Sepulveda, CA; William Storz, Capt. MC, USN, USNRMC, 
Great Lakes, IL. 

Nurse/Epidemiologists: Gloria Lind, R.N., VAH, North Chicago 
IL: Pat Stroeher, R.N., VAH, Hines, IL: Duldy Mucha, R.N., 
Judy Vaughn, R.N., VAH, Houston, TX; Paul Bowe, R.N., VAH, 
Jamaica Plain, MA; Enes Jimenez, R.N., VAH, Long Beach, 
CA: Maxine Elzinga, R.N.. Wadsworth Medical Center, Los 
Angeles, CA: Betty Rice, R.N., VAH, Miami, FL; Mary Rita 
Myers, R.N., VAH, Sepulveda, CA; Mary J. Anderson, R.N., 
VAH, Wood, WI. 

Microbiologists: Janice Babcock, Wood VAH, WI: Larry Bustedder, 
VAH Sepulveda, CA; George Caldwell, VAH. Miami, Fl; 
Sheldon Gelbart, Ph.D., VAH, Hines, IL; Nancy Moon, VAH, 
Boston, MA; Richard Porschen, Ph.D., VAH, Long Beach. 
CA; Jeff Smith, VAH, N. Chicago, IL; Palma Wideman, 
Wadsworth VAH, Los Angeles, CA. 

Biostatistics and Research Data Processing: Kenneth E. James. 
Ph.D., Chief; Shigeru Ochi, Ph.D., Study Biostatistician; 
Robert Wright, Statistical Programmer, Jack M. Becktel, 
Statistician, Hines VA Cooperative Studies Coordinating Center, 
Hines, IL. 

Statistical Consultants: Wilfrid J. Dixon, Ph.D., & Jacqueline K. 
Benedetti, Ph.D. U.C.L.A., Los Angeles, CA. 


Administrative Support: Joseph A. Rogers, Administrative Office, 


VAH Wood, Wl; Mike Sullivan, Administrative Office, VAH 
Sepulveda, CA. 

Veterans Administration Central Office: James A. Hagans, M.D., 
Ph.D., Director. Cooperative Studies Program; Marion M. 
Brault, Staff Assistant, VACO, Washington, D.C. 
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Introducing 
GENERATION Il 
Single-use 

special procedures 
instruments 

youll use. 


We're prepared to earn your respect. 
If you'll please indicate which of our 
instruments you d like to try out, we d 
be pleased to send you one or more 
free for your personal evaluation. 
You'll be under absolutely no obliga- 
tion to us, and we will not pursue you 
for an order. It's our goal to convince 
every surgeon in the United States 
that Acme United GENERATION II 
instruments work...and work well. 
Well enough for them to consider, 
evaluate, use, and respect. Meeting 
our goal is not easy, but neither is the 
manufacture of precision single-use 
special procedures instruments at a 
fraction of the cost of reusables. 


Sly. specifications. 


ed GENERATION II single-use instruments by Acme 
United are a serious step forward in the battle to 
cut costs, and lower cross contamination risks. 
liability and pilferage. 
That they save money for your hospital is important. 
That they work well for you is imperative. 


Acme United GENERATION II 
Single-use instruments that get used. 
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A new 
generation of 
instruments 
awaits your 
challenge. 


You are quite right in being 
skeptical about single-use 


special procedures instruments. 


Patient and procedure must 
come ahead of everything — 
COSI, liability, even cross-con- 
tamination risk. And, frankly, 
all too often, the quality of 
single-use instruments offered 
little to advance their cause. 


New: GENERATION II from 
Acme United. Now, theres a 
new generation of special pro- 
cedures instruments from 
Acme United: GENERATION II. 
They perform. They work. They 
come through. For what they 
do—a one-time performance— 
they compare quite favorably 
with reusable instruments 
costing up to a hundred times 
more. All we ve left out is the 
durability, the expensive finish- 
ing, the extra toughness to 
withstand repeated use and 
extended battles in the 
sterilizer. 


Please fill out the attached card 
and let us send you any of our 
special procedures instruments 
for your evaluation. Put them to 
any kind of test you choose. If 
youre not impressed, throw 
them away once and for all. If 
youre pleased with them, as 
we believe you will be, please 
ask for more. 


Acme United 
GENERATION II 
Single-use instruments 
that get used. 





Photographed at the University of Kentucky 
Medical Center, Lexington, Kentucky. 


©1978 Acme United Corporation 






GENERATION II Single-Use 
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The GENERATION II challenge: item by item, they work. 
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GENERATION II Scissors cut. Custom 
forged and precision-ground of nickel- 
plated steel to give you a keen cutting 
edge. Available in a wide variety, 
including an exclusive 477" fine point 
tissue scissor, Littauer, and sharp/sharp 
and sharp/blunts in 4%" and 5%" sizes. 
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GENERATION II Forceps hold. Al! 
metal, carefully aligned to give you a 
firm, sure, precise grip. 


GENERATION II Scalpels feel right. 
Nickel-plated steel handles deliver the 
heft of reusable scalpels. Razor-sharp 
blades are pre-assembled and plastic- 
shielded for safety and convenience. 








tight. Light but strong, Acme United 
hemostats are engineered precisely 
to meet and lock in a tight, sure, non- 
overlapping grip. In two sizes of 
straight, and two of curved. 


Lie a > 


GENERATION II Needle holders 
clutch. Precise jaw alignment lets you 
pull needle and suture through the 
skin without locking first. Even the 
smallest of needles and the finest of 
sutures can be gripped and pulled. 





GENERATION II Trays protect. Protect 
against cross-contamination, against 
pilferage, against damage, against 
liability, against spiraling costs. 
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GREWE & KREMER: Atlas of Surgery, 
2nd Edition 


This superb reference on anatomy and technique has been specifi- 
cally developed to meet the needs of the practicing general sur- 
geon. Completely revised, all recent developments have been in- 
cluded, and all illustrations have been redone for the new edition. 
Particularly thorough revision focuses on recent changes in 
techniques of vascular surgery and surgery of the extremities. 
Volume I examines surgery of the head, neck, chest, blood vessels, 
and extremities. Volume // details techniques of abdominal, 
genitourinary, spinal, and neurological surgery. 


By Horst-Eberhard Grewe and Karl Kremer. Translated by H. J. Hirsch. 
Vol. |: About 535 pp. Illustd. About $90.00 Ready Soon. Order #4273-X. 
Vol. Ii: About 435 pp. Illustd. About $80.00. Ready Soon. Order #4274-8. 


SWEZEY: Arthritis: 
Rational Therapy and Rehabilitation 


All the practical information you need in the therapeutic manage- 
ment of the arthritis patient is compiled in this handy monograph. 
It discusses exercise, heat, splinting, and bracing, as well as the 
psychosocial aspects of rehabilitative care. Case histories, each 
covering one of the various forms of arthritic disease, give valuable 
insight into clinical management and rehabilitation. 


By Robert L. Swezey, MD, Prof. of Medicine, Chief of Rehabilitative 
Medicine, Univ. of California School of Medicine, L.A. About 225 pp. 
Illustd. About $16.00. Ready Sept. 1978. Order 8690-7. 


MAY: Surgery of the Veins of the Leg and Pelvis, 
Major Problems in Clinical Surgery, 23 


Complete and detailed information on the pathophysiologic as- 
pects, diagnosis, surgical and adjunctive therapy of disorders of 
the veins of the leg and pelvis fills this lavishly illustrated mono- 
graph. You'll appreciate its explicit coverage of common problems, 
including varicose veins and phlebitis, its procedural discussions of 
surgical techniques, and its guidance in angiographic diagnosis. 

Edited by Dr. med. Robert May, Facharzt für Chirurgie, Privatkrankenhaus 
der Kreuzschwestern; with nine contributors. Translated by Emil A. Hirsch, 
MD. About 225 pp. Illustd., plus 3 color plates. About $30.00. Ready 
Soon. Order #6200-5. 


TABER: Manual of Gynecologic and Obstetric 
Emergencies 


This pocket-size volume gives immediate access to life saving 
information. Its succinct write-ups summarize what you must do in 
97 individual emergency situations, such as fetal death in utero, 
and postpartum hemorrhage. General principles, procedures and 
therapy, and emergency equipment and medications are likewise 
covered. 


By Ben-Zion Taber, MD, Clinical Asst. Prof. of Gynecology and Obstetrics, 
Stanford Univ.; Assoc. Director of Obstetrics and Gynecology, Santa Clara 
Valley Medical Center. About 500 pp. Illustd. Soft cover. Ready Sept. 


1978. Order #8721-0. 
The illustration above is Figure 23-13 from Harrison et al.: Campbell's 
Urology, 4th Edition. Celiac angiogram demonstrating unsuspected trans- 
parenchymal laceration of the spleen. 





EISEMAN & WOTKYNS: Surgical Decision Making 


Here are guidelines in algorithmic form to the important decision: 
you must make daily. All stages of 142 common problems in clinica 
surgery are examined: diagnosis, pre-operative work-up, intra 
operative and post-operative problems. Clearly drawn decisior 
trees and concise text reveal the key signs, symptoms, anc 
preoperative tests, lab tests, and technical directions for eacl 
diagnostic or therapeutic step. 


By Ben Eiseman, MD, Prof. of Surgery; and Roger S. Wotkyns, MD, Assoc 
Prof. of Surgery; both of Univ. of Colorado Medical Center. 319 pp. 152 
graphs. $27.00. June 1978. Order 4 3343-9 


HARRISON, GITTES, PERLMUTTER, STAMEY & 
WALSH: Campbell’s Urology, 
Volume I—4th Edition 


This first of a three volume master work presents today's bes! 
insight into all aspects of urologic disorders and diseases. Com: 
pletely revised and up-dated, Volume | brings you vital data on 
anatomy and physiology, examination and diagnostic techniques, 
pathophysiology, infections and inflammations, infertility, injuries, 
tumors of the genitourinary tract in the adult, and more. No 
physician who deals with urologic disorders should be without it. 


Edited by J. Hartwell Harrison, MD, Elliott Carr Cutler Prof. of Surgery 
Emeritus, Peter Bent Brigham Hospital; Ruben F. Gittes, MD, Chief of 
Urology, Peter Bent Brigham Hospital; Prof. of Urologic Surgery, Harvard 
Medical School; Alan D. Perlmutter, MD, Chief of Pediatric Urology; Chil- 
dren's Hospital of Michigan; Prof. of Urology, Wayne State Univ. School of 
Medicine; Thomas A. Stamey, MD, Prof. of Surgery and Chairman of 
Urology, Stanford Univ. School of Medicine; and Patrick C. Walsh, MD, 
Urologist-in-Chief, The Johns Hopkins Hospital; Prof. and Director of Urol- 
ogy. The Johns Hopkins University School of Medicine; with more than 50 
contributors. About 945 pp., 570 ill. About $50.00 Just Ready. 

Order #4540-2. 


To order titles on 30-day approval, AOS 8/78 
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ADDRESS 
CITY STATE ZIP 
Prices U.S.A. only and 
O check enclosed O bill me subject to change 


W.B.Saunders Co. 


West Washinaton Sauare.Philadelphia. PA 19105 


Avitene MCH) at work: 
hemostasis of stellate fracture 


of the liver 
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ABC j 
Bleeding controlled by application of hemostatic clamps; mattress sutures 

were then installed to secure hemostasis of major bleeders. Avitene was applied to 
control residual hemorrhage after removal of clamps. 


Please see facing page for brief summary. 


è 
Aviten 
Vicrotiorilar Collagen 
Hemostat 





Avitene* (microfibrillar collagen hemostat), 
derived from purified bovine corium, differs 
physically, chemically, and clinically from 
other topical hemostats. Supplementing 
conventional hemostatic techniques, Avitene 
extends your range of options when 

surgical bleeding problems are encountered. 
In cases where sutures, cautery. or pressure 
are impractical or ineffective, Avitene... 


...a modified natural collagen, triggers the 
normal hemostatic mechanism, and produces 
a normal (physiologic) clot 


... adheres tenaciously, even to irregular bleeding 
surfaces 


...controls generalized bleeding from soft, friable 
tissues and highly vascularized organs 


...produces minimal foreign body response 


...1S effective in most patients receiving heparin 
or aspirin, and in those who are moderately 
thrombocytopenic. 


Numerous clinical studies document the efficacy 
of Avitene in a wide range of surgical 
procedures. Reprints of these studies and films 
showing surgeons using Avitene (microfibrillar 
collagen hemostat) are available at your request. 
Films currently available include: (1) Six 
Demonstrations of Effectiveness; (2) Use in 
Partial Nephrectomy; (3) Use in Thoracic 
Surgery; (4) Use in Neurosurgery; and (5) Use 
in Bone Bleeding. 


For further information, write: 
Medical Director, Avicon, Inc.. PO. Box 85. 
Fort Worth, Texas 76101. 





A Avitene® is distributed by 
Alcon Laboratories. Inc. 
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HOW TO USE AVITENE* 
Keep Avitene dry. Care must be taken to ensure that Avitene is 
kept scrupulously dry, as prolonged exposure to moisture will 
impair its hemostatic efficacy. It will adhere to any wet surface and 
should be applied only with dry smooth forceps. 
Apply Avitene directly to the source of the bleeding. It is important 
that Avitene be applied directly to the source of bleeding. Other- 
wise Avitene may seal over the exit site of deeper hemorrhage and 
conceal an underlying hematoma. Surfaces to be treated should 
first be compressed with dry sponges, and then covered with 
Avitene. The amount required will depend on the force and 
severity of the bleeding. 
Apply pressure with a dry sponge. It is then necessary to apply 
moderate pressure over the Avitene with a dry sponge. The period 
of time necessary will vary with the severity of the bleeding, and 
may range from a minute for capillary bleeding, to three to five 
minutes for brisk bleeding or arterial leaks. For control of oozing 
from cancellous bone, Avitene should be firmly packed into the 
spongy bone surface. 
Remove excess Avitene. After five to ten minutes, excess Avitene 
should be teased away; this can usually be accomplished without 
initiating rebleeding. If breakthrough bleeding occurs in areas of 
thin application, additional Avitene may be applied. The amount 
required depends, again, on the severity of bleeding. In capillary 
bleeding, one gram will usually be sufficient for a 50 cm? area. 
Thicker coverage may be required for brisk bleeding. 
Avitene^ (microfibrillar collagen hemostat) 
Description: Avitene is an absorbable topical hemostatic agent 
prepared as a dry, sterile, fibrous, water insoluble partial 
hydrochloric acid salt of purified bovine corium collagen. 
Indications: Avitene is used in surgical procedures as an adjunct 
to hemostasis when control of bleeding by ligature or conven- 
tional procedures is ineffective or impractical. 
Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. 
Warnings: Avitene is inactivated by autoclaving. Ethylene oxide 
reacts with bound hydrochloric acid to form ethylene chloro- 
hydrin. This product should not be resterilized. It is not for 
injection. Moistening Avitene or wetting with saline or throm- 
bin impairs its hemostatic efficacy. It should be used dry. 
Discard any unused portion. As with any foreign substance, use 
in contaminated wounds may enhance infection. 
Precautions: Only that amount of Avitene necessary to produce 
hemostasis should be used. After several minutes, excess mate- 
rial should be removed: this is usually possible without the 
re-initiation of active bleeding. Avitene contains a low, but 
detectable, level of intercalated bovine serum protein which 
reacts immunologically as does beef serum albumin. Increases 
in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers 
because of ingestion of food products of bovine origin. Intra- 
dermal skin tests have occasionally shown a weak positive 
reaction to BSA or Avitene but these have not been correlated 
with IgG titers to BSA. Tests have failed to demonstrate 
clinically significant elicitation of antibodies of the IgE class 
against BSA following Avitene therapy. Care should be exer- 
cised to avoid spillage on nonbleeding surfaces. particularly in 
abdominal or thoracic viscera. Teratology studies in rats and 
rabbits have revealed no harm to the animal fetus. There are 
no well-controlled studies in pregnant women; therefore, Avi- 
tene should be used in pregnant women only when clearly 
needed. 
Adverse reactions: The most serious adverse reactions reported 
which may be related to the use of this drug are potentiation of 
infection including abscess formation, hematoma, wound dehi- 
scence, mediastinitis. Other reported adverse reactions possibly 
drug related are adhesion formation, allergic reaction, foreign 
body reaction, subgaleal seroma (report of a single case). 
How supplied: In | g and 5 g sterile jars of sterile microfibrillar 
collagen hemostat all contained in sealed can. Sterility of the 
Jars exterior cannot be guaranteed if can seal is broken. 
Content of jar is sterile until opened. 6/78 
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CONTROL 
. Needle Sutures 


Assured controlled release of needle trom suture 
is in your hands with CONTROL RELEASE needle sutures. 


Needle releases from suture with a gentle tug. 
NO SCISSORS NEEDED. 
NO CHANGE FROM EYED NEEDLE TECHNIC. 


Sharp new ribbed Super-Smooth swaged needle eliminates 
the trauma associated with the use of eyed needles. 





Widest variety of needles and suture materials: 
PROLENE* polypropylene suture, 

VICRYL* (polyglactin 910) suture, 

NUROLON* black braided nylon suture, 
PERMA HAND* silk suture, 

ETHICON* surgical cotton, 

ETHIBOND* polyester suture. 


Its not CONTROL RELEASE if its not fom 
ETHICON 


i 


EMPIRIN COMPOUND 
c CODEINE 


Each tablet contains: aspirin, 227 mg; phenacetin, 162 mg; and caffeine, 

32 mg; plus codeine phosphate in one of the following strengths: *4—60 @ ff] 
mg (gr 1); *3—30 mg (gr 2); * 2—15 mg (gr “); and * 1—7.5 mg (gr 2), 
(Warning —may be habit-forming). 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome | North Carolina 27709 
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When they can eat... 


Description: Dilaudid IS hydromorphone, a hydro- 
genated ketone of morphine 

indications: For relief of moderate to severe pain 
Contraindications: Suspected increased intracra- 
nial pressure, status asthmaticus 

Warnings: May be habit forming with a potential for 
addiction equivalent to morphine in equi-analgesic 
doses. Tolerance may also occur As with all narcot- 
ics, use in early pregnancy only when expecte d bene- 
fits outweigh risks 

Adverse Éffects: Nausea. vomiting, diarrhea 
stipation, anorexia anda somnolence may occur al- 
though unlikely with appropriate dose selection 
Dosaae and Administration: Dosage mus! be indi- 


- as A C 


con- 


hydromorpn 


The first step after inje 


hours. as necessary, ‘or moderate to moderately se- 
vere pain. For more severe pain, 3-4 mg or more every 
4-6 hours, as necessary, may be required 
Treatment of Overdosage: |f overdosage is treated 
within an hour, emesis and gastric lavage should be 
attempted. Special attention should be given to respi- 
ration and, if depression occurs, Il may De an- 
tagonized by the use of naloxone hydrochloride 
(Narcan*) —Endo, nalorphine hydrochloride 
(Nalline*)—Merck Sharp & Dohme or levallorphan 
tartrate (Lorfan*) — Roche, as recommended by the 
manufacturer. Other supportive measures should be 
applied when indicated 

How Supplied: Dilaudid HC! color coded tablets 
(MAT EAR INLIEC TION) imprinted with K logo on one 





ctables in post-op analges 


side and potency on other side as follows 

mg; orange —2 mg, pink 3 mg and yello 
Available in: 1 mg — bottles of 100 (NDC #0! 
02), 2 mg — bottles of 100 (NDC #0044-102 
500 (NDC #0044-1022-03), 3 mg — bottle 
(NDC #0044-1023-02), 4 mg bottles of 

#0044-1024-02) and 500 (NDC #0044-102: 


Knoll Pharmaceutical Comp: 
Whippany, New Jersey 07981 


Member Company, Certified Medical & 
Representative Institute, Inc : 


Replace sutures with STERI-STRIP Skin Closures for enhancec 
wound healing, a finer scar, less chance of infection: 


Sutures removed 72 hours postoperatively. 38 days postop. 


STERI-STRIP Brand 
Skin Closures make 
suture removal possi- 
ble at a point that is 
most beneficial to the 
wound — 72 hours 
postoperatively.’ The 
wound develops ten- 
sile strength faster 
due to the uniform 
stress appro to 
collagen fibers and 
fibrils, causing rapid 
fiber orientation. 
When sutures are re- 


moved early STERI- 
STRIP Skin Closures 
provide firm support, 
reduced suture effects 
and greater patient 
comfort. 


Contact your 3M Sur- 
gical Products repre- 
sentative for further 
information. 3M Surgi- 
cal Products Division, 
3M Center, St. Paul, 
MN 55101. 


REFERENCES: 
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Kuphal J, deHoll JD, et al: 
Technique of closure: Con- 
taminated wounds. J Am Coll 
Emer Phys 3:375-381, 1974. 


. Brunius U, Akren Chr: Heal- 

ing impairment of skin in- 
cisions closed with silk 
sutures. Acta Chir Scand 
135:369-381, 1969. 


. Lewis JR, Jr: Facial scars 
resulting from vehicular 
accidents. Clinics in Plastic 
Surgery 2:143-166, 1975. 


. Forrester JC, Zederfeldt BH, 
Hayes TL, Hunt TK: Wolff's 
Law in relation to the healing 
wound. J Trauma 10:770-779, 
1970. 
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In antisepsis, there is no in-between. BETADINE Microhbicide 





Pathogens are destroyed or they The antiseptic use of BETADINE 

survive. That is why hospital . . Microbicides has been abundantly pm mo 
antisepsis is no place for compromise | documented — specifically by name in - 

with the quality of an antiseptic. Just hundreds of published reports, 

one pathogen species missed by encompassing thousands of clinical 

an antiseptic can cause serious procedures. 

problems. 


The surest antiseptic 
is the best buy 


Purdue Frederick 


BETADINE Microbicides enjoy the 
distinction of having been chosen 
With BETADINE Microbicides, you by NASA for disinfection pro- 





are assured of maximum antiseptic cedures in Apollo splashdowns c Copyright 1978, The Purdue Frederick Company/Norwalk, CT 06856 
protection, confirmed by more thana and in the Skylab mission. "ong. ANE 
billion applications to date. BETADINE with a wide range of forms, 3 
Microbicides kill a broad spectrum of BETADINE Microbicides enable Mince Ae 
pathogens—both gram-positive you to maintain a consistently high documented ELPA 
~ and gram-negative bacteria (including standard of antisepsis for various VASA i 
antibiotic-resistant strains), fungi, clinical needs throughout the 
viruses, protozoa and yeasts. hospital, enhancing the safety of 


physicians, nurses, patients and 
Illustration is artist's representation of organisms personnel. 


Bacteroides 


may be implicated 

in a number of clinical situations, 

including... 

e septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- | Fortunately, most bacteroides 

sary to administer Chloromycetin infections are susceptible to 

before sensitivity tests have been Chloromycetin (chlorampheni- : 

completed. col) therapy. Yet, all too often their drugs are inef 
| presence goes undetected. So contraindicat 

Bacteroides are the most prevalent today, many authorities recommend But when bac 

microbial flora of man. They are early—and vigorous—treatment cated, Chloro 

anaerobic, aero-intolerant, non- with Chloromycetin when the phenicol) the 

sporeforming, nonmotile, gram- clinical impression suggests that a conservative 

negative bacilli. They most often Bacteroides infection is present. situations, the 


appear in mixed infections, and are Chloromycetin must be used only with Chlorom 


highly opportunistic. Further, they in those serious infections for See next page 
are very difficult to culture. which less potentially dangerous information. 





often an indication for 


GHLOROMYGETIN 


(chloramphenicol) Sodium Succinate 


PARKE-DAVIS 





Prescribing information—Chloromycetin 
chloramphenicol) Sodium Succinate 
or intravenous administration 


WARNING 
Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 


agents will be effective, as described in the 
Indications section. /t must not be used in the 


treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenico! sodium succinate must be hydro- 

lyzed to its microbiologically active form and there is 

a lag in achieving adequate blood levels compared 

with the base given intravenously. 

The oral form of chloramphenicol is readily absorbed 

and adequate blood levels are achieved and main- 

tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 10% solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Sa/monella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 6896 to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mona 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


"m 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 


1. Acute infections caused by S typhi* 
It is not recommended for the routine treatment of 
the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 
accordance with the concepts expressed above. 
a) Salmonella species 
b) H influenzae, specifically meningeal infections 
c) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacte- 
ine meningitis, or other serious gram-negative infec- 
ions 
f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*|n the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
A carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 

1) abdominal distension with or without emesis; 

2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 1096 (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), pen when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactlons.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


Infants and Children with Immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- 
formation available on request.) 


HOW SUPPLIED 
NDC 0071-1089-10 (Steri-Vial& No. 57) 

Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per millifiter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. Reg 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) 
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No pumps 
Allows continuous gravity-flow 
administration. 


Lightweight 
Ambulatory patients can maneuver 
with more ease. 
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\ E ^ A single component 





that's disposable. 
Saves time for the entire staff. 


Economical 
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Vivonex HN and 

a feeding tube. 
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regulation 
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Easy-to-fill pouch 
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Vivonex HN; 100-ml 
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Sturdy pouch 
access 
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Permits volume or 
concentration changes 
and addition of vitamins or 
medications. 


Unique drip 
meter 

Allows simple flow- 
rate monitoring. 
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equate to ml/hr for 
desired flow rate 

(60 drops~1 ml; 60 
drops/min~60 ml/hr). 
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VIVO 


Special...because it 
delivers Vivonex' HN: 


VIVONEX HN provides complete enteral nutrition 
with free amino acids. Being truly elemental, it 
requires minimal digestion and allows maximal 
absorption. The extremely low viscosity allows 
Vivonex HN to flow continuously, at any rate, 
without clogging. 


"Increasingly, these diets are used in patients 

with fistulas, inflammatory bowel disease, partial 
obstruction, and malabsorption— states for which 
total parenteral nutrition was once considered most 
appropriate. "! 


VIVONEX HN—the only elemental high nitrogen 
diet —has “...a nitrogen to calorie ratio of 1:150— 
the best ratio for anabolism. '? By continuous 
administration of Vivonex HN via the Vivonex 
Delivery System, the same positive nitrogen 
balance, weight gain, and accelerated wound 
healing can be achieved as with parenteral 
hyperalimentation, but without the catheter-induce« 
thrombophlebitis, sepsis, and patient discomfort. 


*Information on Vivonex HN usage and precautions accompanies the 


product and should be reviewed before use. 


Norwich-Eaton Pharmaceuticals 
Division of Morton-Norwich Products, Inc. 
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ll Compact...easy to store...all in a sealed, 
plastic container 


Bi Versatile...easily snaps onto the top of a 
magnesium citrate bottle...can be used with 
other saline cathartics or with castor oil 


ll Economical...suggested retail price is less 
than most other kits 


Bl Convenient...for nursing staff or the out- 
patient. Sold in a handy dispenser of 5. 
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With the Dulcolax Bowel Prep Kit plus mag- 
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PRACTICAL 
ADVICE 


At A.H. Robins, we 
believe that making it 
easier for the patient to 
follow your instructions is 
just as much our obliga- 
tion as providing you with 
useful pharmaceutical 
products. 

And making it easier— 
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or a pre-existing increase in intracranial pressure 
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T IS A GREAT PRIVILEGE to express my appreciation 
I for the honor of serving as President of the 
American Surgical Association, and to all my friends 
and colleagues let me say that I am humbly thankful 
for your confidence. During the past year I have 
thought repeatedly of my good fortune in being given 
this privilege, and I shall remain ever grateful for 
your gracious kindness. 

I believe it is useful to pause from time to time to 
examine closely the profile of those who have had a 
great impact upon us, especially those giants who have 
established standards for the leaders and contributors 
of tomorrow. Such figures have established careers 
which serve as goals for the industrious and committed 
young men and women, not only to meet, but indeed 
to exceed. 

As I reflect upon my own educational experience 
and the many teachers whom I have admired, there 
is one far more than any other who remains 
foremost. His breadth of vision, his concepts of teach- 
ing, his approach to clinical surgery, his empha- 
sis upon original investigation, and his recognition of 
the importance of effective administration have re- 
mained since my first encounter with him as a second 
year medical student. With the passage of time, his 
shadow continues to lengthen, and a day seldom 
passes but that my thoughts return to him, usually 
with the simple question, ‘How would he have man- 
aged this?" 

In reviewing the career of Alfred Blalock, | hope 
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that his profile will especially interest the younger 
members and cause them to reflect upon his careful 
planning of an outstanding career. Of equal importance 
is a clear recognition of the pleasure he obtained 
throughout his life, especially in his unique ability to 
help others. As one assesses his career and his achieve- 
ments, it becomes indelibly clear that the entire span 
was carefully planned from the outset, and that he 
achieved in a stepwise and ever widening manner those 
goals which he had established many years earlier. 

There is much to be learned from great men not 
only from a philosophic point of view, but more 
important from the practical aspects of those issues 
and problems of daily life. A glimpse of his early 
life, education, and training provides much insight into 
the remarkable contributions which were to follow. 
We learn from his cousin J. Dorsey Blalock that the 
first of the family to arrive from England was Patrick 
Blalock, whose name is listed in a colonial grant and 
who settled in Virginia in 1620. Further investigation 
shows that a number of his forebears served in the 
Revolution and in the War Between the States, and in 
Georgia the name of Blalock is well known in a variety 
of endeavors including law, business, agriculture, 
politics, and many other fields. 

Alfred Blalock was born on April 5, 1899, in Culloden, 
a small town in mid-Georgia. His father owned a large 
cotton plantation and was a well known merchant. 
Alfred was the oldest of five children and com- 
mented from time to time that his father was a strict 
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Alfred Blalock 


disciplinarian. It is fortunate today that at one point 
he was asked to prepare a short biographical sketch 
of himself, and the insights obtained from reviewing it 
are penetrating. 

Of his early life, he said, "I had a very pleasant 
environment at home. . . . My father encouraged us 
to read worthwhile books . . . and he would help me 
with my studies." He attended the public schools in 
Culloden and then attended Georgia Military College, 
an academy recognized as being a preparatory school 
for the University of Georgia. As a result of academic 
success there, he was admitted to the University of 
Georgia as a sophomore in the fall of 1915, and of 
that time he was later to say, " My favorite study in 
college was zoology. Languages were fairly easy for 
me, but such was not the case with mathematics and 


physics." He continues his description of that period 
by saying: 


| received my Bachelor of Arts Degree at the 
University of Georgia in the spring of 1918, shortly 
having passed my nineteenth birthday. I had known 
for some several years that I wished to study medi- 
cine, and it was largely through the efforts of Dr. 
Campbell, Professor of Zoology, that I was accepted 
for admission to the Johns Hopkins School of 
Medicine. 


While in medical school at Hopkins, his best work 
was in the surgical courses. For example, in his 
senior year, one finds in the class roll in the archives 
of the Welch Medical Library that he was awarded a 
grade of 9 out of a possible 10 as the final mark in 
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the course. In fact, only four students of the 80 in the 
class outranked him. It is also interesting to note the 


, number of outstanding students in the class of 1922, 


names later to become Known for a wide variety of 
important contributions, including those of Arthur 
Blakemore, Robert Elman, Tinsley Harrison, Chester 
Scott Keefer, Orthello Langworthy, and many others. 
One of the most interesting letters to be found 
in the Blalock papers is one which he wrote to Dr. 
Halsted. while a senior medical student, in December 
1921. It is interesting to note the similarity of his 
handwriting at that time with that which continued 
years later. In addition, his choice of words and 
expressions, even at that time, are characteristic and 
were often repeated in succeeding years (Fig. 1). 


Dear Dr. Halsted-, 

The writer of this letter is a member of the 
present fourth year class and it concerns an appoint- 
ment in surgery for next year. 

| would like very much to have the place in 
experimental surgery. My only work in this depart- 
ment has been in the third year elective course and 
a little work in which I assisted Dr. McLean. Despite 
the fact that I know little of the work I feel very 
interested in it and would like an opportunity to 
try it. If I should get an appointment and make good, 
I hope to work in a surgical clinic for a number of 
years, as I have no immediate desire to start 
practicing. 

During my three years as a medical student, I have 
worked seven months in the summers in surgery, and 
I feel absolutely sure that I want to follow it. The past 
summer I substituted two months here in general sur- 
gery and Į enjoyed it very much. As the greatest 
number of my patients were Dr. Dandy's, I think he 
could best give vou an idea.as to my work. 

If my name is considered for the place, I would 
appreciate a personal interview. At any rate, I shall 
put in my application. 


Yours sincerely, 


Alfred Blalock 


518 North Broadway 
Baltimore, Maryland 


From this letter, it is apparent today that one can 
almost chart the course of Dr. Blalock's life since the 
code is clearly contained within it. 

It is interesting to note the attention which Dr. 
Halsted gave to detail since, despite his duties as a 
busy and involved director of a department, he replied 
. to this letter stating: 


Dear Mr. Blalock: 
I am pleased to receive your letter of the first 
inst. and to know that you are an applicant for a 
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position in the Hunterian Laboratory. These posi- 
tions will be reserved for men of high standing in 
the class, and I shall have to investigate your records 
before giving you a definite answer. 


Very truly yours, 


William S. Halsted 


It is generally believed that Alfred Blalock was 
later greatly disappointed that he did not obtain one 
of the appointments for a position in Dr. Halsted's 
famed residency program. Nevertheless, it is a matter 
of record that he was always quite candid about the 
fact that he was not chosen to remain for the full 
program, and in his files are several references on this 
point. He once stated, “Following one year as an as- 
sistant resident on the surgical service, the competi- 
tion became too keen and I sought a position else- 
where without success." He then turned to Dr. Samuel 
R. Crowe, Professor and Head of the Division of 
Otolaryngology, for assistance, and a letter to Dr. 
Harvey Cushing was forthcoming. Dr. Blalock con- 
tinued, " Following Dr. Crowe's letter. I was offered a 
position at the Peter Bent Brigham Hospital under 
Dr. Cushing but later decided to go to Vanderbilt with 
Dr. Barney Brooks, who had been recommended 
to me by Dr. Halsted. After two years at Vanderbilt 
I became ill and had to go to the Adirondacks.” 

As many know the attack of pulmonary tuberculosis 
and his confinement at Trudeau Sanatarium was a very 
depressing experience. A small area of increased 
density of the left apex with mottling and scarring 
was noted in the chest film, and his sputum was 
positive for acid-fast organisms. After a vear there 
he wrote: 


| requested that I be given pneumothorax treat- 
ments, but they refused. I then decided to go to 
Europe . . . and ona visit to Berlin I became rather 
ill and sought the advice of Dr. Sauerbruch. He 
treated me rather miserably. Finally, he advised me 
to have a thoracoplasty, but I refused and returned 
to Saranac Lake. 


Following the pneumothorax treatments, he returned 
to Nashville, but despite the fact that he remained 
under intensive treatment with pneumothorax for two 
years, he worked continuously and was known to have 
missed only one or two days’ work during the entire 
time. This is a clear example of his perseverance, 
of his industry, and of his tenacity, each feature that 
was to characterize him throughout the remainder of 
his life. 

Dr. Blalock's first paper was published while a 
resident in Baltimore and concerned a clinical study of 
biliary tract disease in which he reviewed 735 pa- 
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tients with this disorder and was published in the 
JAMA in 1924 (Fig. 2). The fact that it was a clinical 
paper is significant in that, despite his unconcealed 
love for the experimental laboratory, he always in- 
sisted that there be clear clinical implications in 
laboratory investigation. 

The first experimental paper appeared in The Journal 
of Clinical Investigation in 1925 and concerned the 
effects of changes in hydrogen ion concentration on 
the blood flow of morphinized dogs. It is interesting that 
at such an early date he and his colleagues em- 
ployed exacting techniques for determination of pH 
with accuracies of 0.03, and performed concomitantly 
with determination of the amount of oxygen consumed 
and carbon dioxide released by the lungs. 

His early work with Tinsley Harrison on circulatory 
problems led quite naturally to his becoming involved 
in studies relating to the pathogenesis of shock. He 
often referred to this period of his life and placed 
great emphasis upon spending considerable time in the 
experimental laboratory during the course of surgical 
training. He recognized clearly the importance of this 
phase of academic development, and this philosophy 
is reflected in his many hours of dedicated work in 
the laboratory. Of particular significance in the de- 
velopment of his scientific career was the time spent 
in England at the Physiological Laboratories in Cam- 
bridge. In 1927 he worked in Adrian's Laboratory and 
while there was introduced to painstaking and rigid 
physiological techniques. He referred to this period 
in later life recalling that it was in that laboratory he 
first learned the importance of meticulous attention to 
detail, particularly in the conduct and interpretation of 
experimental work. While in Cambridge. his work was 
on the subject of blood flow in skeletal muscle as- 
sessed by the anemometer. The principle involved was 
the employment of hot wire in the form of a spiral of 
platinum about 12 microns in diameter and mounted in 
a metal cylinder, a very involved technique for surgi- 
cal investigators in that early day. The work entitled 
"Observations upon the Blood Flow through Skeletal 
Muscle by the Use of the Hot Wire Anemometer” 
was published in The American Journal of Physiology. 
Another paper from that laboratory concerned the 
distribution of blood flow in the coronary circulation, 
and these studies represented his first work in cardiac 
physiology. It was entitled "The Distribution of the 
Blood in the Coronary Blood Vessels" and was pub- 
lished in the British Journal of Physiology in 1929. 
This experience at Cambridge, with a group of such 
distinguished physiologists, provided a rigorous 
standard in the collection of experimental data which 
was to remain with him always. 

In 1928, Dr. Blalock returned to Vanderbilt with a 
firm understanding of basic physiological principles and 
having mastered a number of important investigative 
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techniques. These were rapidly put to work in the 
Surgical Research Laboratory in Nashville, and 1928 
to 1941 was probably the most productive time of his 
life. Thus, he was to subsequently say, " My research 
problem was that of traumatic shock and my main 
clinical interest was thoracic surgery." During that 
period, the status of shock was in a state of total dis- 
array with many conflicting views concerning its patho- 
genesis. As was characteristic of all his undertakings, 
he insisted that simple questions be answered first and 
therefore designed an experiment which was to remain 
a classic. In an anesthetized animal, the thigh was in- 
jured by blunt trauma and some hours later its weight 
was compared with that of the control limb following 
exacting dissection. In the traumatized limb, the in- 
creased weight was shown to account for 66% of the 
circulating blood volume, thus explaining the loss of 
intravascular volume into the tissues and accounting 
for the hypotensive state. In this simple, but brilliant. 
experiment, he was able to show that shock is due 
primarily to the loss of circulating blood and plasma 
from the vascular compartment, either externally or 
into the tissues (Fig. 3). 

These early studies were noted widely, and at the 
young age of 34 he was elected a member of the 
American Surgical Association. In 1933 he was invited 
to give the Arthur Dean Bevan Lecture in Chicago. 
almost certainly the youngest ever to deliver this 
distinguished lectureship. He reviewed his important 
contributions under the title of “Acute Circulatory 
Failure as Exemplified by Shock and Haemorrhage " 
(Fig. 4). 

It is of considerable significance that such an 
authority as Sir George Pickering, the Regius Professor 
of Medicine at Oxford, was to refer to this work 
saying: "The conclusion that emerged from World War 
I was that shock was a traumatic toxemia produced 
by the effects of vasoactive substances like histamine 
from injured muscles. It needed the genius of your 
Alfred Blalock and the experience of the second World 
War to show that this was not so." 

His work on experimental and clinical shock was 
summarized in a well known monograph entitled 
"Principles of Surgical Care, Shock and Other Prob- 
lems," and his warm interest in people and his ap- 
preciation of their assistance were typified when he said 
in the introduction: " My excellent technician, Vivien 
Thomas, has been responsible for the execution of 
many of the experiments." Dr. Blalock spent many 
hours with him and he became an outstanding as- 
sistant who was to have a major role in subsequent years. 

While in Nashville, Dr. Blalock met and married 
Mary O’Brien, a Nashville belle who was known for 
her charm and beauty, and the wedding was widely 
reported in the newspapers of the day. All their 
friends recognized the great support which she pro- 
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Fic, |. Letter written by Alfred Blalock to Dr. William S. 
Halsted on December 1, 1921. 





A CLINICAL STUDY OF BILIARY 
TRACT DISEASE * 


ALFRED BLALOCK, M.D. 
BALTIMORE 


This paper is based on a statistical study? of all 
cases with a diagnosis of disease of the biliary tract 
that have been in the surgical service of the Johns 
Hopkins Hospital between 1889 and 1924. 

his consideration will not thclude the cases with 
malignancy of the biliary tract, and those with a clinical 


Fic. 2. Title page of Alfred 
Blalock's first paper pub- 
lished in the JAMA, 83: 
2057, 1924. 





- anesthetic! B 


f 


UNILATERAL TRAUMA 8 HRS. LOCALIZED SWELLING 


t 


Excess in weight of traumatized hind 
quarter over opposite hind quarter 
=5.3 % body weight or 66 % calculated 
blood volume 


Fic. 3. Diagrammatic illustration of technique employed by 
Alfred Blalock in demonstrating the pathogenesis of traumatic 
shock. 
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vided him and their three fine children, Bill, Betty, 
and Dandy Blalock. 

It was also at Vanderbilt that Dr. Blalock’s pioneer- 
ing work on myasthenia gravis and its relationship with 
the thymus was done. Of this period he was to say: `I 
remained at Vanderbilt for 16 years advancing from 
Instructor in Surgery to full Professor in the Depart- 
ment directed by Dr. Brooks." It is appropriate to 
emphasize that he had already made a number of im- 
portant scientific contributions and was clearly a na- 
tional figure. He was respected not only by clinical 
surgeons but by physiologists, biochemists, and others 
in basic science alike. In subsequent years, his general 
insistence upon having achieved a rather solid scientific 
background before assuming major administrative 
duties was a principle that he frequently emphasized. 
Certainly it was clear in his situation that the strong 
background teaching at Vanderbilt, the fact that he was 
a pioneer in clinical thoracic surgery, particularly in 
diseases of the thymus and pericardium, and his 
brilliant research combined to make him an ideal choice 
for a prominent chair in surgery. 

In 1940, there was considerable controversy in Balti- 
more concerning the choice of a successor to Dr. Dean 
Lewis as Professor of Surgery at Johns Hopkins. The 
first letter in the Blalock files referring to this issue is 
one from his close friend Samuel Crowe who wrote: 


Dear Al: 

Thank you for sending me a copy of your book. | 
am just leaving for a few weeks' rest in some cool 
spot and will there read your book with a great deal of 
interest and pride. We need you here and I wish I 
had the authority to make the appointment. 


AS ever yours, 


Samuel J. Crowe 


The Surgical Search Committee recommended as its 
first choice a former resident of Halsted, Dr. Mont 
Reid, Professor of Surgery at the University of Cincin- 
nati. However, he chose to remain in Cincinnati, 
and Evarts A. Graham was next offered the post. In 
declining the position, he took the opportunity to 
recommend to President Bowman the name of Alfred 
Blalock. During a visit shortly thereafter, it became 
obvious that President Bowman was greatly impressed 
by the 41-year-old Blalock and was quite influential in 
the Committee's decision to make him the offer, an 
offer which was accepted. 

Following the announcement in The Baltimore Sun 
(Fig. 5), there were many letters of congratulation 
and portions of some of them follow. From the late 
Edward D. Churchill came the following: 


Believe me when I say that our backing will not 
end with the appointment but that you may feel free 
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to call upon me for anything that I can do to help in 
the problems that lie ahead. You are the only man for 
the job, and that has been apparent to everyone out- 
side of Baltimore from the very start and now that 
they have seen the light, let's make a go of it. 


Affectionately and loyally, 
Pete Churchill 


The Mayo Clinic's Donald Balfour was to say: 


No greater honor could come to anyone and I know 
the entire surgical profession is elated that you have 
accepted. I want to express my own good wishes and 
my conviction that you will maintain the high 
standards of Hopkins. 


From the Peter Bent Brigham came Elliot Cutler's 
letter: "It is simply wonderful for everybody, an Al for 
Hopkins, a splendid opportunity for you, and a well 
deserved one." 

One of Halsted's former residents, George Heuer, 
Professor of Surgery at Cornell, was to write: ‘From 
all I can gather, there is a great job to be done down 
there and I believe you are the fellow who can do it.” 

Lester Dragstedt wrote from Chicago, "We are 
confident that you will be a worthy successor to the 
great Dr. Halsted and continue the fine work that he 
so ably began." 

Frederick Coller wrote from Ann Arbor: "There is no 
one in the country who will grace it better, and 1 am 
sure that in no place in the country is your work more 
admired and you yourself better liked than in Michigan." 

From Warren Cole came: 


Dear AI: 

I was expecting to see you in Washington and to 
congratulate you upon your appointment at Hopkins, 
but you were presumably unable to attend. In 
reality, however, I wish to congratulate Hopkins in 
obtaining the right and best man for the job. I want 
to extend to you my sincere wishes for many happy 
years there in Baltimore. 


And the Professor of Medicine and Director of the 
Department at Hopkins, the distinguished Warfield T. 
Longcope, was to say: "There is much to be done, 
as you probably know, but you will find an active and 
interested group who will be ready to cooperate in 
every way that they can.” 

His close friend Samuel Crowe, the Chief of the 
Division of Otolaryngology, wrote: 


I am very tardy in writing and telling you how 
happy I am that you are coming to Baltimore. You 
have a great opportunity here. The Surgical Depart- 
ment has been drifting downstream since the death of 
Dr. Halsted in 1922. You may count on me to do 
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HE title of this lecture is * Acute Cir- 

| culatory Failure As Exemplified By 
Shock and Hemorrhage.” It seems ap- 
propriate that this subject should have been 
chosen since such noteworthy contributions 
concerning the etiology of shock have been 
made by one of Dr. Bevan’s former associates, 
Dr. D. B. Phemister. Various terms have 
been used to designate the condition which 
follows severe injury. These include trau- 
matic torpor, stupor, prostration without re- 
action, syncope, collapse, neuroparalysis, 
Wundschreck, Erschuetterung,irritationwithout 
reaction, exemia, depressant syndrome, trau- 
matic toxemia, and traumatic hypodromia. 
The term that has been almost universally 
adopted is "shock." According to Groenin- 


Fic. 4. Title page of the 
Arthur Dean Bevan Lec- 
ture delivered in Chicago, 
October 20, 1933, and pub- 
lished in Surgery, Gyne- 
cology & Obstetrics, 58: 
291. 1934. 
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on the floor, he makes no effort to move or look about 
him. He lies staring at the surgeon with an expres- 
sion of complete indifference as to his condition. 
There is no movement of the muscles of the face; the 
eyes, which are deep sunken in their sockets, have a 
weird, uncanny look. The features are pinched and 
the face shrunken. A cold, clammy sweat exudes 
from the pores of the skin, which has an appearance 
of profound anemia. The lips are bloodless and the 
fingers and nails are blue. The pulse is almost im- 
perceptible; a weak, thread-like stream may, bow- 
ever, be detected in the radial artery. The ther- 
mometer placed in the rectum registers 96 or 97 
degrees F. The muscles are not paralyzed any- 
where, but the patient seems disinclined to make any 
muscular effort. Even respiratory movements seem 


for the time to be reduced to a minimum. Qcca- 
sionally the patient may throw about one-of his 
limbs and give vent to a hoarse weak groan. There 
is no insensibility but he is strangely & 
seems to realize but imperfectlv the f 


thetic, and 
meaning of 


Fic. 5. Announcement in The Baltimore Sun of the appointment 
of Alfred Blalock as Professor of Surgery and Director of the 
Department of Surgery of the Johns Hopkins University School of 
Medicine and Surgeon-in-Chief of the Johns Hopkins Hospital. 


Fic. 6. Photograph of Dr. Blalock's famous Friday Noon Clinic. 
The surgical residents are sitting on the front rows and a senior 
medical student is presenting a patient to Dr. Blalock who is 
standing next to the child's bed. 
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everything in my power to aid you. This will indeed 
be anew year for the Medical School and University. 


Throughout Dr. Blalock’s career, his close friend- 
ship with basic scientists is a frequently recurring 
feature. Moreover, he received many laudatory letters 
from them, which was again true on his appointment at 
Hopkins. Thus, from Irvine Page came the following: 


Dear Alfred: 

I can't tell you how delighted I was to read of 
your appointment to the Professorship at Hopkins. 
We all know you richly deserve it and in thinking 
it over, | am convinced that there is no one that 
I personally would have wanted more than you. 


Cordially, 


Irvine Page 
One of the recurring features of much significance 
is the admiration which those in other disciplines had 
for his clinical and investigative work. For example, 
the late Edward A. Park, regarded by some as the most 
outstanding pediatrician thus far in this century, 
wrote him several months after his arrival in Baltimore 
Saying: 


Before starting in work tonight, I wish to state 
again my admiration at the moves you are planning 
for your Department. You will have soon a unique 
Department of Surgery which will stand above and 
set an example to all other Departments in the 
country. I feel like giving three cheers that you are 
thinking of surgeons in terms of physiology as well 
as surgery. 


While in Baltimore, the Friday Noon Clinics, which 
had been begun by Halsted, were always exceptional 
and attended by students, residents, and faculty alike 
(Fig. 6). On the investigative side; Dr. Blalock’s early 
work was a continuation of studies on shock, but 
shortly thereafter his major attention turned toward 
the heart. At that time, Dr. Taussig was Head of the 
Congenital Heart Disease Clinic in the Department of 
Pediatrics and was involved in the care of cyanotic 
and desperately ill children with the tetralogy of Fallot. 
She presented the problem of inadequate pulmonary 
blood flow in these patients and asked Dr. Blalock if 
there might not be a way to increase this flow by a surgi- 
cal approach. He recalled that six years earlier, in an 
effort to produce experimental pulmonary hyper- 
tension, he had joined the systemic and pulmonary 
circulations by direct anastomosis with marked 
augmentation of pulmonary blood flow (Fig. 7). Al- 
though the laboratory experience had been negative 
from point of view of producing pulmonary hyper- 
tension, he nevertheless remembered the technique, 
and particularly the fact that in long-term follow-up 
there were no adverse changes to be found in the 
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pulmonary microcirculation. In fact, the animals 
tolerated the subclavian artery to pulmonary artery 
anastomosis amazingly well and without ill effect, 
work that was published in 1939. Nevertheless, he 
wished to be certain that the polycythemia and cyano- 
sis, which occurred in patients with pulmonary stenosis 
and atresia, could be reversed by a systemic pulmonary 
shunt. For these studies, he developed a rather com- 
plex but appropriate experimental model by a combina- 
tion of pulmonary resection and arteriovenous shunts 
in the remaining lung. Following these studies in the 
laboratory, he was convinced that a systemic pul- 
monary shunt would not only reduce the cyanosis but 
also decrease the high hematocrits in patients with 
tetralogy of Fallot. 

On November 29, 1944, he operated upon a severely 
cyanotic infant who had spent a prolonged period in 
oxygen and created the first pulmonary systemic shunt. 
Fortunately, the child obtained an excellent response, 
and the procedure was repeated shortly thereafter in 
several additional patients with equal success. Within 
a short period, a new and historic surgical procedure 
became established, and news of this rapidly spread 
throughout the nation and around the world. This work 
was published in The Journal of the American 
Medical Association (Fig. 8), and in a short time, pa- 
tients were referred in large numbers from both this 
country and abroad. A new era had opened in the life 
of Alfred Blalock and for the entire field of cardiac 
surgery. 

In 1948, Dr. Blalock was invited to give the first 
Rudolph Matas Lecture at Tulane, which was on the 
topic of " Surgical Procedures Employed in Anatomical 
Variations Encountered in the Treatment of Congenital 
Pulmonic Stenosis." This paper was to become one of 
the most frequently quoted of all his publications 
and contained the beautiful illustrations ofthe anatomic 
variations and stepwise surgical procedures by the well 
known medical artist Leon Schlossberg (Fig. 9). Matas 
was very impressed with this lecture and was to wire 
Dr. Blalock: 


TIS MIDNIGHT AND ONLY ONE HOUR SINCE 
I HAVE MY FIRST GLIMPSE AT OCTOBER 
NUMBER SGO I COULD NOT FINISH READ- 
ING YOUR MONUMENTAL NU SIGMA NU 
LECTURE WITHOUT RUSHING TO THE PHONE 
TO TELL YOU THAT MY PRIDE AND VANITY 
HAVE BEEN SO DEEPLY STIRRED BY YOUR 
DEDICATION AND MELODY OF YOUR PRAISE 
HAVE STARTED A FLUTTER IN MY HEART- 
STRINGS THAT WILL KEEP ME FROM SLEEP- 
ING TONIGHT BUT I FORGIVE YOU COR- 
DIALLY NONE THE LESS 


R MATAS 
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Fic. 7. Diagrammatic illustration of an original experimental 
study performed by Dr. Blalock at Vanderbilt, published in the 
Journal of Thoracic Surgery, 8:525, 1939. 


THE SURGICAL TREATMENT OF MAL- 
FORMATIONS OF THE HEART 
IN WHICH THERE IS PULMONARY STENOSIS 
OR PULMONARY ATRESIA 


ALFRED BLALOCK, M.D. 


AND 
HELEN -Be TAUSSIG, MD, 
BALTIMORE 


Heretofore there has been no satisf: ictory treatment 
lor pulmonary stenosis and pulmonary atresia. A “blue” 
baby with a malformed heart was considered beyond 
the reach of surgical aid. During the past three months 
we have ope rated on 3 children with severe degrees 
of pulmonary stenosis and each of the patients appears 
to be greatly benefited. In the second and third cases, 


Fic. 8. Title page of first clinical report of the Blalock-Taussig 
operation published in the JAMA, 128:189, 1945. 


Fic. 11. The last public appearance of Alfred Blalock on the oc- 
casion of the celebration of the seventy-fifth anniversary of the 
Johns Hopkins Hospital. He is delivering the keynote address at 
the dinner on May 14, 1964. 


Tulane University entitled 


PRESIDENTIAL ADDRESS 263 






Aorta 


- 
^. 


Bronchus 


a 









Subclavian a 





Pulmonary a. 


Fic. 9. Illustration from Alfred Blalock' s Matas Lecture delivered at 
"Surgical Procedures Employed and 
Anatomical Variations Encountered in the Treatment of Congenital 
Pulmonic Stenosis,’ published in Surgery, Gynecology & Obstet- 
rics, 87:385, 1948. 
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Fic. 10. Photograph taken at the home of Professor Philip Allison 
with Alfred Blalock and the author in May 1954. Professor Allison's 
cricket field lies behind in the distance. Shortly thereafter he became 
Nuffield Professor of Surgery at the University of Oxford. 
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Today, the Blalock operation continues to be used, 
primarily in severely ill infants with tetralogy of Fallot, 
and one recently published paper stated that this opera- 
tion was the procedure of choice in infants requiring an 
operation in the first year of life. 

There is also a very interesting episode which Dr. 
Blalock had with Yousuf Karsh, the noted Canadian 
portrait photographer. Karsh said: 


In 1950, as he was about to perform his 
thousandth blue baby operation, his colleagues com- 
missioned me to commemorate the event, but the 
surgeon, I was told, “would take a great deal of per- 
suading.' As one of his associates explained to me, he 
could be enticed before my camera only with an 
innocent subterfuge. I was to tell him in the interest 
of his profession he must be included in my gallery 
of scientists. We spent a lively evening together. At 
dinner, by way of discovering his personality, I 
talked freely about doctors and remarked rather 
brashly that in the main they were very vain crea- 
tures. He took this in good part and suggested that, if 
I were interested in his profession, I had better see a 
blue baby operation for myself. 

Accordingly, I was amazed and not a little nervous 
to find myself in an operating room next morning 
wearing a mask and gown and standing at the left 
hand of the surgeon. Then for two hours he applied 
the magic of his mind and fingers to the body of a 
child seven years old. I was awed by Dr. Blalock's 
dexterity and more by his calm. He proceeded 
easily and naturally, often talked to me with no sign 
of tension, explained his methods to visiting doctors 
from many parts of the world who sat in the operat- 
ing amphitheater. As time wore on I lost my awe 
and two hours stretched into eternity. Nothing dis- 
turbed Dr. Blalock. He finished his incredible task on 
schedule, ordered the patient wheeled out of the 
operating room, and removed his gloves like a man 
who had done an ordinary morning's work. But his 
single thought was for the mother of the child. Be- 
fore he had even removed his gown, he went to 
telephone and assured this anxious woman that the 
operation was successful. His telephone conversion, 
more than his skill, told me what sort of man I was 
going to photograph. And I hastened to say to him, 
"Dr. Blalock, I take back everything I said last night 
about the vanity of doctors. If you have such a thing, 
which I doubt, you are more than entitled to it.’ 


Karsh was to subsequently publish an album of his 
portraits of the world's greats, and it is rather poignant 
that there are five physicians included in this album 
entitled Portraits of Greatness, Charles H. Best, Sir 
Alexander Fleming, Wilder Penfield, each of whom is a 
Nobel laureate, and, in addition, Jonas Salk and 
Alfred Blalock. 
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In April 1945, Dr. Blalock was elected a member of 
the National Academy of Sciences, the highest 
scientific and academic honor. He received a large . 
number of commendations from scientists throughout 
the country. Representative ones include that from 
Donald D. Van Slyke of the Rockefeller Institute who 
said, “It was a great pleasure to learn that the 
Academy had honored itself by electing you." And 
another from Vincent Du Vigneaud who said, ‘‘Just a 
little note to extend to you my most hearty con- 
gratulations on your election to the National Academy 
of Sciences. This recognition of you and your work is 
richly deserved.” And from Charles Huggins: 


Dear AI: 

I have just read in Science the good news of your 
election to the National Academy of Sciences. The 
wisdom of the electors is apparent and has made us 
feel very happy. I wish to extend my very best con- . 
gratulations to you on this well deserved recognition 
of your brilliant scientific accomplishments. 


With his usual humility, Dr. Blalock replied: 


Dear Charlie: 

It was exceedingly thoughtful of you to write to me 
regarding my election to the National Academy of 
Sciences. It was a great surprise to me and I hope 
that those responsible have not made too bad a 
mistake. 


To Dr. Blalock came many national honors, including 
the Presidency of the American Association of 
Thoracic Surgery in 1951. In 1954, he was President 
Elect of the American College of Surgeons, and a num- 
ber of the members of the College traveled jointly to. 
Scotland, England, and France during April for com- 
bined meetings with surgical organizations in those 
countries. At Harrogate, near Leeds, the American 
College met jointly with the Association of Surgeons of 
Great Britain and Ireland. The author had the privilege 
of accompanying Dr. Blalock on that month's tour, and 
it was an extraordinary experience. While at Har- 
rogate, Professor Allison was our host in his beautiful 
home in nearby Leeds, which had extensive gardens 
and a cricket field (Fig. 10). The close friendship 
which was to subsequently develop between Alfred 
Blalock and Philip Allison began during that week and 
continued throughout his life. 

In his Presidential Address to the College, Dr. Bla- 
lock showed a deep insight into current problems as 
well as the future. He stated: ‘‘Our system of medical 
education, undergraduate teaching, and residency 
training is in serious danger." He proceeded to empha- 
size that tuition had been greatly increased, but that 
still such fees accounted for only a small part of the 
actual cost of medical education, stating further: 
‘Worthwhile candidates who simply cannot afford to 
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FiG. 12. Photograph of 
Alfred Blalock and his 
much admired Chief 
Resident William P. 
Longmire, Jr. This 
photograph is taken in 
the courtyard of the 
Johns Hopkins Hospital 
at approximately the 
time of the first Blalock- 
Taussig procedure. Dr. 
Longmire was his first 
assistant on that historic 
occasion. 


Fic. 13. Photograph of 
Dr. Blalock with his 
Chief Residents. 





Fic. 14. Dr. William H. Muller, Jr. presenting Dr. Blalock with a 
Silver tray on which were engraved the signatures of all of his 
Chief Residents at Hopkins on the occasion of the last meeting with 
the Residents prior to Dr. Blalock's death. The meeting was 
held in the Department of Surgery at the University of Virginia 
at Charlottesville headed by Dr. Muller. 
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go to medical school are eliminated from the profes- 
sion." He further feared the fact that private endow- 
ments were not likely to increase significantly under 
the present tax structure and he hoped that more aid 
would be available ‘‘without strings" for medical 
schools.in the future. It is striking to recognize the 
current significance of this farsighted address delivered 
more than 20 years ago. 


. In 1956, when Alfred Blalock was President of the 
American Surgical Association and presented his ad- 
dress on the topic of "The Nature of Discovery," he 
stated: 


For many years I.have been interested in the 
background or the nature of discoveries in medicine 
and this is the subject of my address. Discovery may 
be defined as the act of finding out what was un- 

-= known, such as Harvey’s discovery of the circula- 
tion of the blood. One discovers what already exists 
but was unknown previously, such as the applica- 
bility of steam to the purposes of locomotion. . . . 
It must be admitted, however, that the distinction 
is often a close and debatable one. Whereas we 
usually give.the name ‘discovery’ to the recognition 
of a new fact, Claude Bernard maintained that the 
idea is what really constitutes the discovery. He 
said, ‘The idea is the seed; the method is the 
.earth furnishing the conditions in which it may 
develop, flourish and give the best of the fruit ac- 
cording to its nature. But as only what has been 
sown in the ground will ever grow in it, so nothing 

| Will be developed by the experimental n method except 
the ideas submitted to it.’ 

What are the methods by which discoveries are 
made? We may distinguish roughly four general 
categories: (1) Some are made by chance or ac- 
cident; (2) some are made by intention or design; 
(3) some are made by intuition or imagination or 
hunch; and (4) some are made by combinations of 
two or all of the above methods. The mode of 
discovery is not always clearcut. It has been my ex- 
perience, and I am süre yours, that one cannot 
always recall exactly how one spotted the clue that 
‘allowed him to solve the problem. 


In this remarkable address, he reviewed accounts 
of the background of a number of major contributions 
in medicine. For example, he chose to cite Claude 
Bernard's maxim, which all of those who worked with 
him knew he fully endorsed: ‘‘When we meet a fact 
which contradicts a prevailing theory, we must accept 
the fact and abandon the theory, even when the theory 
is supported by great names and generally accepted." 


During these remarks, his abiding dedication to hard 
work was brought into focus when he said: 
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I would place first among the requisites of an in- 
vestigator the willingness and the desire to work. No 
amount of brilliance or good furtune relieves one of 
the necessity. of hard work. Even the brilliant 
accidental observation has to pass rigorous tests be- 
fore it is proved and accepted. . . . 

No satisfaction is quite like that which ac- 
companies productive investigation, particularly if it 
leads to better treatment of the sick. The important 
discoveries in medicine are generally simple and one 
is apt to wonder why they were not made earlier. 
I believe that they are made usually by a dedicated 
person wbo is willing to work and to cultivate his 
power of observation rather than by the so-called 
intellectual genius. Discoveries may be made by the 
individual worker as opposed to the current practice 
of a large team research Simple apparatus may suf- 
fice; all the analyses nved not be performed by tech- 
nicians; large sums of money are not always neces- 
sary. Important basic ideas will probably continue to 
come from the individual. Whether by accident, de- 
sign or hunch, the diligent investigator has a fair 
chance of making an important discovery. If he is 
unwilling to take this chance, he should avoid this 
type of work. 


At the meeting of the American Surgical that year, 
Claude Welch, a very objective observer, wrote: 


My dear Al: 

The last meeting of the American Surgical was by 
all means the best that I have ever attended. This 
was true because you ran it absolutely mag- 
nificently. There was just the right touch of serious- 
ness and informality all the way through. 


In 1960, Henry Bahnson, Mark Ravitch, Glenn 
Morrow, and the author arranged a dinner in his honor. 
On that occasion a large number of friends from 
around the world met in Baltimore to honor him. The 
Baltimore Sun made the event a special feature, 
stating in part: 


Medical men from various parts of the western 
hemisphere and Europe gathered at the Southern 
Hotel last night for a dinner honoring Dr. Alfred 
Blalock, Professor of Surgery at the Johns Hopkins 
Hospital. The guest list totaled nearly 500 persons 
and a number of those present were surgeons 
trained by the soft spoken, Georgia born Dr. Blalock. 
The dinner was arranged by a Hopkins group and 
preparations were made without the knowledge of 
the man being honored. 


The tributes that evening were superb and brought 
obvious joy to the Professor. The distinguished 
physiologist Philip Bard, who was for many years 
Professor and Director of the Department of Physi- 
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ology at Hopkins and later Dean of the School of 
Medicine, said: 


I have known Al personally for 20 years. Before 
that I knew him through those of his published 
papers which every respectable physiologist in- 
terested in the cardiovascular system had to read 
if he were to keep abreast of the subject. . . . To 
a physiologist, his studies were of the utmost 
importance. After World War I, physiologists lost 
all interest in somatic and other kinds of shock and 
the surgeons took over, led by Al. This was a classic, 
and the work during World War II confirmed it, and I 
merely want to state as a physiologist how indebted 
we are to him. 


Dr. Blalock's talents in administration were under- 
scored by Philip Bard when he said: 


During my term of service as Dean of the Medical 
Faculty, administrative duties gave me an insight into 
the difficulties he had in directing a huge Department 
filled with personalities and individualities that cover 
a broad spectrum of human nature. During that 
period, I also felt the impact of his resourceful- 
ness as the Head of the Department in obtaining 
what he deemed necessary for the Department and 
its staff, particularly the younger members. 


Philip Bard concluded his remarks by quoting from 
samuel Crowe's biography, ‘‘Halsted of Johns Hop- 
kins— The Man and His Men”: ‘Halsted was the 
founder of a school, the disciples of which have 
;»erpetuated his influence and prestige as one of the 
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great creators of scientific surgery." Moreover, Crowe 
said, "The spirit of Halsted has been reincarnated in 
his successor, Alfred Blalock.” 

Joseph Beard, who worked with Dr. Blalock in the 
experimental laboratory early in his career and was to 
become a virologist of worldwide renown, receiving 
both the Borden Award and the Clowes Cancer 
Award, said of Dr. Blalock that evening: 


—] don't know how well you all really know Dr. 
Blalock but you know as you look at him here he 
looks so calm, self-possessed, composed, kind, and 
all that sort of thing, but vou never really did work 
for that fellow. The trouble with him, so far as | 
was concerned . . . a24 hour day was just nothing 
at all. He would come in the laboratory and start 
about 7:30 or 8:00 in the morning and about 1:00 a.m. 
he'd leave me holding the sack until the next morn- 
ing just before 7:30. . . . But this I can tell you, 
Dr. Blalock is a friend of enduring and lasting 
capacity. All through the years that I have known 
him he has never forgotten the fact that once upon 
a time I worked for him and he has never forgotten 
the obligation of a teacher to aid and to sympathize 
with the advance of one of his students. 


His coworker, Helen Taussig, said: "It is with the 
greatest of pleasure that I salute you tonight. . . . It 
was in 1942 that Dr. Blalock first proved to everyone 
at Hopkins that he was a great thoracic surgeon with 
our first successful ligation of a patent ductus arterio- 
sus." Regarding the work on the tetralogy of Fallot, she 
said: "Al, the true scientist, took the problem to the 
laboratory where he performed the many tests to es- 
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tablish the fact . . . and to develop a technique which 
made the operation so successful.” 

The Professor of Surgery at the University of Turin, 
A. Mario Dogliotti, cited the fact that the largest car- 
diovascular surgical center in Europe at that time was 
the Blalock Center at the University of Turin. He 
concluded saying, '" From your lips and through your 
eyes tell the happiness of everybody who knows 
you, and loves you.” 

The late Isidor Ravdin paid him a remarkable tribute 
when he said: "Alfred Blalock's work in shock was 
monumental in concept and in analysis. It was he who 
demonstrated firmly the effects of trauma and blood 
loss. Alfred Blalock represents the finest of the phys- 
iologically minded surgeons who followed after the 
death of Dr. Halsted.” i 

His close friend from Oxford, Philip Allison, said, 
"You, Alfred Blalock, by your continuing scholar- 
ship, integrity, and insatiable curiosity have grown 
to immense proportions for these men and many more 
throughout the world.” 

Mark Ravitch, speaking for the residents, said: 


It didn't take us long to find out that what we had 
formerly thought was superb clinical performance, 
that is, working 24 hours a day . . . was merely 
expected and accepted. It was really infuriating, but 
it was a fact of life. Even more work, more 
detailed attention to the students, to experimental 
work in the Hunterian Laboratory, in the Library, 
in the operating rooms, all became the order of the 
day for all of us after his arrival at Hopkins. 


His close friend and coinvestigator of many years, 
Tinsley Harrison, the distinguished Professor of Medi- 
cine and Editor of the well known Textbook of 
Medicine, said: 


A teacher is an individual who has the capacity to 
influence the horizons of his pupils. Al has had that 
capacity all of his life. . . . And there is another 
part of the story, one to which many individuals 
can testify, and perhaps no one quite as much as I, 
having been his intimate friend for more than 40 
years. . . . The story is that none of us who have 
ever touched him have been left without the impact 
of a broader and better educational influence and a 
greater and stronger inspiration. 


His fellow classmate and long time friend, Arthur 
Blakemore, commented on his remarkable productivity 
and ended by proposing a toast to the more than 
500 present when he said, *‘A toast to this man, the 
finest house officer Johns Hopkins ever had." 

At the table with him that evening was Alice, his 
second wife, who had been a close friend of Mary 
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Blalock before her death, and who brought him much 
happiness in the remaining years. It was apparent to all 
present at the dinner that Dr. Blalock had been deeply 
moved by the many tributes paid him, and in clos- 
ing said: 


With the exception of my family, and personal 
friends of my own vintage, many of whom are here 
tonight, my greatest pleasure in life has come from 
the house staff here, and at Vanderbilt. At Hopkins 
we have had 37 senior residents in the past 19 years. 
Most of them are here tonight, much to my delight. 
All of these 37 are successful. A number of them are 
known nationally and internationally. All are fine 
gentlemen and superb friends. At the dedication of 
the Brady Urological Institute some years ago, 
Diamond Jim Brady simply said, "The sky was 
never so blue and the grass was never so green as 
they are this day for me." These are my senti- 
ments tonight, thanks to you.* 


His wide and continuing impact throughout his 
career upon medical education is documented by Visit- 
ing Professorships in all the medical schools in the 
nation, the delivery of more than 40 named lecture- 
ships including the lectureships named in honor of 
Arthur Dean Bevan, Donald Balfour, Edward Churchill, 
DaCosta, Phemister, Lord Moynihan, and the Shattuck 
Lecture. He received many international honors in- 
cluding election into the Royal College of Surgeons of 
England and Edinburgh, the Edinburgh Royal Society 
of Medicine, the Society of Thoracic Surgeons of 
Great Britain and Ireland, the Association of Sur- 
geons of Great Britain and Ireland, the British 
Cardiac Society, the Academie de Chirurgie of France, 
the Argentine, the Belgian, and Greek Societies of 
Surgery, the Royal Academy of Medicine of Belgium, 
and many more. 

One of the societies to which Dr. Blalock was 
elected was the American Philosophical Society, and 
he let it be known that inclusion in this distinguished 
and erudite group brought him much happiness. He 
wrote George Corner at that time saying, “I am 
thoroughly delighted and even more surprised in being 
elected to membership in the American Philosophical 
Society." A very selective and scholarly group, review 
of the membership at the time of his election reveals 
only three other surgeons on the roster— Charles Hug- 
gins, Wilder Penfield, and Jonathan Rhoads. In a reply 
to Dr. Ravdin who had written his congratulations, 
he said: 


* Dr. Blalock's closing remarks at the dinner were filmed with a 
sound track and done without his knowledge. The film was shown 
at this point during the address to the members of the American 
Surgical Association, and for the first time at a national meeting. 
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Dear Rav: 

Thank you for your nice note about the American 
Philosophical Society. Certainly I am in good 
company when I was elected at the same time that 
you were chosen. I suspect that Jonathan Rhoads 
played a part in this. At any rate, I am very pleased. 


There is little doubt among those who knew him well 
that his last public appearance and the address that 
evening provided his listeners with an insight into his 
philosophy and into the deepest recesses of his mind. 
He had been invited to deliver the keynote address of 
the seventy-fifth anniversary of the opening of the 
Johns Hopkins Hospital on May 14, 1964, this being 
only a few months before his death. Although at the 
time his diagnosis was not known, and there was little 
reason to suspect what was to happen shortly there- 
after, nevertheless the author and many others had a 
sense of the impending event and indeed that he him- 
self was aware of it. He had recently undergone a fusion 
of the lumbar spine for what was thought to have been 
a herniated vertebral disc but was later proven to be 
metastatic carcinoma to the vertebrae. He had lost 
considerable weight, was in continuous pain, and was 
deeply worried about a group of recent administrative 
problems and decisions at Hopkins. Despite this 
combination of concerns, his tenacity and loyalty to the 
institution made him determined to deliver the address 
to which he had previously committed himself. 

A special chair and support system were placed 
behind the lectern, and he then began the most poig- 
nant and certainly the most deeply felt address of his 
entire life (Fig. 11). His opening remarks had a touch of 
humor, probably included more than anything else to 
help place the audience at ease, since all were aware of 
his recent operation and continuing pain. He greeted 
the mayor of the city, who was in attendance that 
evening, and who had also recently been a patient at 
Hopkins for treatment of asthma. Dr. Blalock began 
his remarks by saying " Unlike Mayor McKeldin, I fell 
into the hands of surgeons, and I hope the next time 
I am in the hospital I will have asthma." 

From that point, he then reflected upon the proceed- 
ings of the twenty-fifth anniversary of the Hospital, 
and of that era he quoted Osler who said: 


And binding us all together there came as a 
sweet influence a spirit ofthe place; whence we knew 
not but teacher and taught alike felt the presence 
and subtle domination. Comradeship, sympathy one 
with another, devotion to work were its fruits and 
its guidance drove from each heart hatred and malice 
and all uncharitableness. 


He further reminded those present that evening of 
the fiftieth anniversary when Winford H. Smith, the 
long time Director of the Hospital, had said, “That 
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'spirit of the place' referred to by Osler. . . . Itseffect 
upon the life of the hospital and in molding the char- 
acter of the individuals brought under its influence 
make it something priceless." 

At this point, he began a review of the many prob- 
lems which then faced the Medical School and the 
Hospital. In fact, a number of these same problems 
continue in some of our institutions today. I think it is 
useful for all of us, and for many reasons, to empha- 
size the practical advice and admonitions he stressed 
at that time. He said: 


Quality is more important than quantity, and too 
great a size may mean unwieldiness. Next, excellent 
patient care and teaching and clinical research 
should be accorded a status of dignity equal to that 
of the so-called laboratory research. 


He further emphasized: "The full time members of the 
hospital staff should consist, with few exceptions, of 
clinicians who have great interest in patient care and 
teaching." He concluded that while he admired tradi- 
tion greatly he recognized that it should serve only as a 
stimulus and not as a wall behind which to retreat. 
These were his last public remarks. 

During the next several months, as his physical 
condition rapidly weakened and he was in constant 
pain with multiple bony metastases, the author had 
the privilege of sitting with him for many hours. His 
primary pleasures at that time were reminiscences 
about his residents and reflections upon his, and their, 
earlier work. He was especially close to Bill 
Longmire and spoke of his good fortune in having him 
as first assistant during the first tetralogy operation 
in 1944 (Fig. 12). He recalled the work with Rollins 
Hanlon in developing the Blalock-Hanlon operation 
during many hours in the Hunterian Laboratory. He 
was also pleased that H. William Scott had succeeded 
his former Chief, Dr. Barney Brooks, particularly in 
that happy and productive environment he recalled 
so clearly. 

He spoke of the visit he and Henry Bahnson made 
to England and France in 1947 where they introduced 
the Blalock operation in Europe, and of which Evarts 
Graham was to say in a letter to President Bowman: 


Dear Mr. Bowman: 

I wish you could have been with me in London last 
month to have seen the acclaim which Alfred 
Blalock received. It did my heart good to see it. ] 
could not help recalling some of the correspondence 
and conversations which you and I had about him a 
few years ago when he was being considered for his 
present post. I have always been sure of his ability 
and I have always been confident that he would go 
far in surgery if he had a good opportunity. I was 
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tremendously proud of him in Europe, and I could 
not help getting a great deal of satisfaction out of the 
thought that my confidence had not been misplaced. 

There has never been anything quite like Al 
Blalock's triumphal tour of Europe. The only thing 
that I czn think of that remotely resembles it was a 
tour made by Marion Sims in the seventies or 
.eighties of the last century. He had devised an opera- 
tion, and was received with great acclaim in the 
European capitals because of the success of his 
demonstrations. He came back loaded with honors 
from the various crowned heads. Al Blalock’s tour 
has been no less dramatic and successful despite the 
fact that Europe is now down at the heel and there 
are few crowned heads left. The prestige of Johns 
Hopkins was enormously increased by Al’s visit. All 
of us Americans were proud to claim him as a fellow 
American. His unassuming personality captivated 
everyone as much as his epoch-making surgical 
accomplishment. 


Another of those with whom he was particularly 
close was William H. Muller, Jr. The last meeting of 
the Blalock Residents was held at his Department at 
the University of Virginia in March, 1964 (Fig. 13), 
and at that time Dr. Blalock was presented a silver 
tray upon which were the engraved signatures of 
the Hopkirs Residents whom he had trained (Fig. 14). 

Dr. Blalock's influence in creating clinical surgeons, 
teachers, investigators, and Department Chairmen had 
been similar to that of Halsted, and as he reviewed 
it all in perspective, he was warmly grateful that he 
had had such an opportunity. Longmire headed the 
Department at the University of California at Los 
Angeles, Hanlon at St. Louis University, Scott at 
Vanderbilt, Muller at the University of Virginia, 
Bahnson at Pittsburgh, and the author at Duke. Others 
were chiefs of Divisions, including. Sloan at the Uni- 
versitv of Michigan, Pickrell at Duke, Morrow at the 
National Heart Institute, Cooley at Baylor, Maloney 
at the University of California at Los Angeles, Haller 
at Hopkins. Hatcher at Emory, Weldon at Washington 
University, Kay at the University of Southern 
California, and Jude at the University of Miami. Sub- 
sequently, Rainey Williams was to succeed in the chair 
at the University of Oklaboma, Lazar Greenfield at the 
Medical College of Virginia, and Paul Ebert at Cornell 
and later at the University of California at San 
Francisco ;Fig. 15). Among the remainder of the 
Residents, six were in the private practice of surgery 
and 17 held academic appointments. 

A special cabinet was presented to him for appropri- 
ate placement of his many medals and honors 
including the Passano Award, the Rene Leriche Award, 
thé AMA Distinguished Service Award, the Lasker 
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Award, the Roswell Park Medal, the Gairdner Award, 
the Bigelow Medal, and the Chevalier de la Republique 
Francaise Nationale de la Legion de Honneur. 

As the remaining days passed, he recalled each 
resident with much fondness and warm reflection. As 
Mark Ravitch was to write later in his Collected 
Works of Alfred Blalock: “His intermittent stupor 
mercifully lightened two days before his death 
when one 'by one his old residents— Longmire, 
Scott, Hanlon, Muller, Bahnson, Sabiston —now away 
in chairs of their own, came in to see him.” These 
last visits made deep impressions upon us for, despite 
his illness and pain, he continued to maintain his 
gracious attitude, his appreciation, and his loyalty to 
all of us. 

As the candle grew dim, and when on September 15 
the final day came, all knew that his life had been 
fully complete, touching a vast number of grateful 
patients, many admiring students, a group of loyal 
residents, and a host of warm friends everywhere. His 
productive life, characterized as it was by many origi- 
nal ideas and achievements, fulfilled in all dimensions 
the criteria of the noted medical historian, Henry E. 
Sigerist, when he said: 


Posterity weaves garlands for those alone whose 
work has been creative. No doctors live on in the 
memory save the exceptional beings who enriched 
the healing art with new outlooks, who forged new 
weapons for the fight against disease, whose ac- 
tivities were vital to the development of medicine, 
to those who incorporated a trend, founded a school 
or represented an era. We remember those choice 
spirits who, becoming aware of divine thoughts that 
were still inchoate, were able, by strenuous labor, © 
to make them generally known and practically 
applicable. It is only of such great doctors that I 
can write. 


Finally, the statement of Henry Brooks Adams pene- 
trates directly to the mark when he said, ''A teacher 
affects eternity, he can never tell where his influence 
stops” —surely, this can be said of Alfred Blalock 
today. 

In concluding, let me thank you again for the 
privilege of sharing these thoughts with you. This 
honor, this day, and this hour will be a fond remem- - 
brance for me and for my family here this morning 
far into the future. Please accept my enduring gratitude. 
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A Randomized, Controlled Trial of the Distal 


Splenorenal Shunt 
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In 1971 a prospective. randomized trial was initiated to 
determine efficacy of the distal splenorenal shunt in the 
management of cirrhotic patients who had previously bled from 
esophageal varices. When entry into the trial was terminated 
in 1976, 26 patients had received the distal splenorenal shunt 
(selective) and 29 had undergone a nonselective shunting 
procedure (18 interposition mesorenal, six interposition meso- 
caval, and five other nonselective shunts). Three operative 
deaths occurred in each group. Earlv postoperative angiog- 
raphy revealed preservation of hepatic portal perfusion in 14 
of 16 selective patients (88%), but in only one of 20 non- 
selective patients (5%; p < .001). Quantitative measures of 
hepatic function (maximal rate of urea synthesis or MRUS 
and Child's score) were similar to preoperative values in the 
selective group but were significantly decreased in nonselective 
patients on the first postoperative evaluation (p < .001 for 
MRUS; p< .05 for Child's score). Eighty-seven per cent 
of selective and 81% of nonselective patients have now been 
followed for three to six years since surgery. Late post- 
operative evaluation of 29 survivors (12 selective, 17 non- 
selective) still shows an advantage to the selective group 
with respect to MRUS, Child's score, and incidence of 
hepatopetal portal blood flow, but differences are no 
longer statistically significant. However, if the seven pa- 
tients with portal flow (five selective; two nonselective) are 
. compared to the 20 with absent porta! flow (seven selective; 
13 nonselective), the former group has significantly higher 
values for MRUS (p < .05) and Child's score (p < .025). No 
patient with continuing portal perfusion has developed en- 
cephalopathy as compared to a 45% incidence of this compli- 
cation in individuals without portal flow (p — .05). No signifi- 
cant differences between selective and nonselective groups 
have appeared with respect to total cumulative mortality (ten 
selective; 38%; eight nonselective, 28%), shunt occlusion (two 
selective, 10%; five nonselective, 18%), or recurrent variceal 
hemorrhage (one selective, 4%; two nonselective, 8%). 
Overall, significantly fewer selective patients have developed 
postoperative encephalopathy (three selective, 12%; 15 non- 
selective, 52%; p< .001). Therefore, we conclude that the 
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distal splenorenal shunt, especially when its objective of 
maintaining hepatic portal perfusion is achieved, results in 
significantly less morbidity than nonselective shunting 
procedures. 


HE ROLE OF PORTASYSTEMIC SHUNTS in the manage- 
T ment of cirrhotic patients who have hemorrhaged 
from esophageal varices remains controversial, Four 
prospective, randomized trials have been conducted 
to determine the effects of totally diverting shunts (end- 
to-side and side-to-side portocaval shunts) on liver 
function and survival. *7** Although three of the 
studies*** show prolongation of survival in shunted 
patients when compared to medically treated controls, 
in no instance is the difference statistically significant. 
While medically managed patients have a high fatality 
secondary to recurrent variceal hemorrhage, surgically 
treated patients have an accelerated rate of death from 
hepatic failure. In addition, some of these studies, ^^ 
as well as others," indicate that quality of life follow- 
ing a portocaval shunt is impaired because of an 
increased. incidence and severity of portasvstemic 
encephalopathy. 

A probable explanation for these adverse effects of 
shunting procedures is their elimination of hepatic por- 
tal perfusion. Several experimental studies" '* have 
suggested that splanchnic perfusion of the liver is 
essential for optimal hepatic function. Portal blood 
appears to contain hepatotrophic factors which main- 
tain hepatocyte integrity and capacitv for regenera- 
tion.** Another detrimental effect of total portal diver- 
sion is shunting of intestinally absorbed nitrogenous 
substances, normally extracted by the liver. into the 
systemic circulation. It has been hypothesized that 
some of these compounds may be cerebral toxins and 
play a role in the pathogenesis of encephalopathy. 

To avoid these potential complications of portal 
deprivation, the distal splenorenal or selective shunt 
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was developed in the late 1960's.7? The objectives 
of this operation are selective decompression of 
esophageal varices through the gastrosplenic com- 
ponent of the splanchnic circulation and maintenance 
of superior mesenteric venous perfusion of the liver. 
Initial experience with this operation indicated that it 
did indeed attain these objectives in most patients 
with prevention of further variceal hemorrhage and a 
minimal incidence of postoperative encephalopathy.*! 

Therefore, in 1971 a prospective trial, randomly 
allocating cirrhotic patients who had bled from varices 
to either the distal splenorenal shunt (selective) or to 
one of a variety of nonselective shunting procedures, 
was begun at Emory University Affiliated Hospitals. 
Early results from this trial have already been pub- 
lished.? The present report provides a later follow-up 
with surviving patients now at an average of four years 
since surgery. Since entry into the trial was terminated 
in early 1976, all patients have been followed for a 
minimum of two years. 


Methods 
Patients 


To be considered for randomization each patient had 
to meet the following requirements: 1) Biopsy-docu- 
mented cirrhosis. 2) At least one episode of upper 
gastrointestinal hemorrhage (requiring a minimum 
three unit transfusion) caused by portal hypertension 
and not by other upper gastrointestinal lesions (docu- 
mented by barium studies + endoscopy). 3) No signifi- 
cant ascites at the time of surgery. 4) No appreciable 
hepatocellular necrosis or inflammation on current liver 
biopsy. 5) No anatomic abnormality, e.g. absence of 
the spleen, which would make it impossible to con- 
struct a distal splenorenal shunt. 6) Proof of hepatopetal 
portal blood flow (opacification of intrahepatic 
branches of portal vein during venous phase of superior 
mesenteric or celiac axis angiography). 

Patients were randomized to either selective (distal 
splenorenal) cr nonselective shunt from treatment 
assignments contained within sealed envelopes pre- 
pared by the Department of Biometry before the begin- 
ning of the study. Twenty-seven and 28 patients 
were randomized for the selective and nonselective 
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shunts, respectively. Three patients received an opera- 
tion different from the one determined by the 
randomization process. One. patient, who had been 
randomized to nonselective shunt, insisted on receiving 
the selective shunt because he personally believed it 
to be a superior method of treatment. In two pa- 
tients the selective shunt was abandoned intraopera- 
tively because of technical difficulties; nonselective 
shunts were constructed in these individuals. Ac- 
cordingly, 26 selective and 29 nonselective shunts were 
actually performed. Mortality and encephalopathy 
results are presented both by randomization status 
(with the three protocol violations deleted) and by the 
type of shunt actually constructed. All other results are 


tabulated as to type of shunt performed. 


The majority of nonselective shunts were con- 
structed with interposition Dacron® grafts. Eighteen 
grafts were interposed between superior mesénteric 
and left renal veins (mesorenal); six grafts were 
interposed between superior mesenteric vein and in- 
ferior vena cava (mesocaval). Side-to-side splenorenal 
(2), end-to-side renosplenic (1), splenocaval (1), and 
end-to-side portocaval (1), made up the remaining non- 
selective shunts. Technical and anatomic considera- 
tions at the time of surgery generally determined 
which variety of nonselective shunt was chosen. The ~ 
distal splenorenal shunt operation consisted of 
anastomosis of distal splenic vein to left renal vein, 
ligation or suture closure of proximal splenic vein, and 
interruption of left gastric, right gastroepiploic, and 
umbilical veins. The operative technique has been 
presented in detail previously.”! 

The two patient groups were similar with respect to 
age, sex, and etiology of cirrhosis (Table 1). Patients 
were treated at one of three hospitals within the 
Emory University Affiliated Hospitals system: Emory 
University Hospital (private), Grady Memorial Hos- 
pital (general hospital for the underprivileged of the 
Metropolitan Atlanta area), and the Atlanta Veterans 
Administration Hospital. A greater proportion of non- 
selective shunt patients were private, but this dif- 
ference was not statistically significant (Table 1). AII 
episodes of preoperative encephalopathy were induced 
by gastrointestinal hemorrhage and cleared when the 
bleeding was controlled. No patient had spontaneous 


TABLE I. Historical Status at Randomization 








EOS Alcoholic Preoperative* Privatet AV AHt and 
N Age (yr) Men Cirrhosis Encephalopathy Patients GMH§ Patients 
Selective 26 49 16 (6290) 18 (69%) 4 (15%) 14 (5490) 12 (46%) 
Nonselective 29 51 19 (66%) 22 (76%) 9 (31%) 20 (69%) 9 (31%) 
p Values NS NS NS NS NS 





* All episodes of preoperative encephalopathy were induced by gastrointestinal hemorrhage. t Emory University Hospital. + Atlanta 


Veterans Administration Hospital. § Grady Memorial Hospital. 


Ann. Surg. e September 1978 


encephalopathy. Although preoperative encephalop- 
athy was more common in the nonselective group, 


— frequencies were not significantly different between 


groups (Table 1). 


Preoperative and Postoperative Evaluation 


Whenever possible patient evaluations were carried 
out under controlled conditions (40 gm protein diet; 
two week in-patient visit) at the Emory University 
Clinical Research Facility (CRF). All 55 patients were 
evaluated preoperatively (73% in CRF); 39 of 49 
survivors were studied in the early postoperative 
period (within six months of surgery; 95% in CRF); 40 
patients were evaluated in the late postoperative 
interval (85% in CRF). All individuals not evaluated as 
in-patients were either seen as out-patients or inter- 
viewed by telephone. No patient was lost to follow-up. 
During the course of the trial the data base applied 
to these patients progressively expanded so that all 
tests were not performed at each visit. A complete 
evaluation consisted of the following. 

1) History and physical examination. During the in- 
terview particular attention was directed to episodes of 
encephalopathy, recurrent gastrointestinal bleeding 
and, during the last 18 months of the study, a quantita- 
tive estimate of alcohol consumption was recorded. 
Alcohol intake was considered heavy if it chronically 
exceeded 100 g per day or consisted of spree drinking 
of more than 160g per day. Subtle neurological 
and mental status changes were noted on physical 
examination. 

2) Routine laboratory tests. Hematocrit, white blood 
cell count (WBC), platelet count, prothrombin time, 
serum albumin, total bilirubin, alkaline phosphatase, 
serum glutamic oxalacetic transaminase (SGOT), and 
blood urea nitrogen (BUN) were generally determined 
at each evaluation. 

3) Tests of nitrogen metabolism. Fasting plasma 
ammonia (NH.) and tolerance to an oral dose of am- 
monium chloride were determined in the Clinical Re- 
search Laboratory under carefully controlled condi- 
tions. The methodology utilized in determination of 
plasma ammonia and ammonia tolerance has been 
reported previously.? 

4) Quantitative tests of liver function. A modified 
Child's Classification was used to grade severity of liver 
disease.* Two biochemical indices (serum albumin and 
total bilirubin) and three clinical measures (nutrition, 
ascites, and encephalopathy) were given values of | 
(best) to 3 (worst) and totalled for each individual 
score (range 5—15). Therefore, high scores are indica- 


. tive of poor liver function. At the beginning of the trial, 


maximal rate of urea synthesis (MRUS) was measured 
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ed 


during an oral challenge of nitrogen in the form of 
casein.” After July, 1974, MRUS was determined 
during an intravenous infusion of amino acids.'* Since 
the IV method results in values approximately 15 
percent higher than the oral method, the different 
techniques are not compared in this report. Two ad- 
ditional quantitative tests were introduced into the data 
base in July, 1976. Galactose elimination capacity 
(GEC) was calculated from serial peripheral venous 
blood samples after a bolus intravenous injection of 
galactose, 500 mg per kg ideal body weight. as 
described by Tygstrup.'? Clearance of an oral dose 
of antipyrine, 15 mg per kg ideal body weight, was 
measured from sequential venous plasma samples car- 
ried out to 96 hours. 

5) Assessment of cerebral function. An episode of 
clinical encephalopathy was defined as an incident of 
mental confusion clearly related by the patient or a 
family member, or detection of disorientation and/or 
asterixis by a physician. Specifically excluded were 
mental confusion or coma appearing just prior to death 
from hepatic failure and encephalopathy induced by 
gastrointestinal hemorrhage, electrolyte imbalance, or 
drugs. Electroencephalograms (EEG) were graded by 
the Parsons-Smith classification? with O and A con- 
sidered normal and B through E considered abnormal. 
Beginning in July, 1976, psychometric testing was con- 
ducted to detect more subtle neuropsychologic deficits. 
The Reitan trail making test, which requires the sub- 
ject to connect alternating numbers and letters spatially 
arranged on a sheet of paper, and the cancelling A's 
test, which requires the subject to cancel out words 
containing A’s from a long list of words, were utilized. 

6) Visceral angiography. The status of hepatic portal 
perfusion was qualitatively assessed by visceral angiog- 
raphy. Preoperative studies also provided essential 
information about anatomy of the splanchnic circula- 
tion and position of the left renal vein, while post- 
operative angiography also determined patencv status 
of the portasystemic shunt. If the venous phase of the 
superior mesenteric or splenic arterial injection 
opacified the intrahepatic portal branches, the patient 
was considered to have hepatopetal portal flow. 
Visualization of the main portal vein only or total 
lack of opacification indicated hepatofugal portal flow. 
Patent mesocaval and mesorenal shunts could be 
identified on the venous phase of the superior mesen- 
teric arterial injection, while patent distal splenorenal 
shunts were visualized following splenic arterial 
injection. 


Statistics 


All data were entered into the Emory University 
main computer. Appropriate statistical analysis, in- 





274 
TABLE 2. Preoperative Comparison of Groups 
Selective (26) Nonselective (29) p Value 

Albumin 

(gm/100 ml) A4 ws Rr 7x 46429) NS 
Total bilirubin 

(mg/100 ml) 1:5 d& L5 4026) LSS 37129) NS 
Hematocrit (56) 36-6 (26) 35 + 4 (29) NS 
Prothrombin* time 

(sec) 1.6 + 1.4 (24) 1.8 + 1.0 (28) NS 
MRUS (IV)? 


(mg N/h/kg BW) 47.5 + 8.5 (8) 
MRUS (PO) 

img N/h/kg BW) 46.4 + 9.9 (8 42. (15) NS 
Child's score 6.7.: j (29) NS 

All values are mean + standard deviation. Number in parentheses 
indicates number of patients studied. * Seconds beyond control 
time. * Maximal rate of urea synthesis determined by intravenous 
method. = Maximal rate of urea synthesis determined by oral method. 


48.0 + 6.6 (7) NS 


i+ 
ons 
amm. 
ba. 
= 
~i po 


cluding Chi square analysis and unpaired and paired t 
tests, was performed utilizing the Statistical Package 
for the Social Sciences (SPSS). 


Results 


Preoperative Comparison of Selective and Nonselective 
Groups 


Table 2 reveals the comparability of selective and 
nonselective groups prior to shunt surgery. The two 
groups did not differ significantly with regard to al- 
bumin, bilirubin. hematocrit, prothrombin time, or 
MRUS. Although not presented in tabular form, mean 
values for WBC, platelet count, alkaline phosphatase, 
SGOT, and BUN were also not significantly different 
between the two groups. 


Length of Follow-up 


All survivors have been followed for a minimum of 
two years since surgery. Fourteen of 16 selective pa- 


RIKKERS AND OTHERS 


Ann. Surg. e September 1978 


tients (87%) and 17 of 21 nonselective patients (81%) 
are at least three years postoperative. Fifty and 13% of 
selective patients and 43 and 19% of nonselective 
patients have been followed for four and five years 
respectively. 


Mortality (Tables 3 and 4) 


Hospital mortality was defined as death occurring 
during the same hospitalization as the shunt surgery. 
Three patients in each group died in this early 
postoperative period within a range of 20 to 41 days. 
Progressive hepatic failure caused death in five pa- 
tients, and the sixth individual died from sepsis 
secondary to infected ascites. Four of the five pa- 
tients who succumbed in hepatic coma had relatively 
poor preoperative liver function manifested by Child's 
scores ranging from nine to eleven. 

Seven selective and five nonselective patients have 
expired in the late postoperative period (three months 
to four years after surgery). Four of the five non- 
selective patients died within 16 months of surgery, 
whereas all of the selective late fatalities survived for 
at least 16 months. This difference in length of survival 
between the seven selective (mean = 26.7 months) and 
five nonselective fatalities (mean — 12.8 months) is 
statistically significant (p « .05). Three nonselective 
and four selective late deaths were secondary to hepatic 
failure. Chronic, heavy alcohol consumption con- 
tributed to the progression of liver disease in three 
selective, but in none of the nonselective fatalities. 

As of December, 1977, a total of ten selective 
and eight nonselective patients had died (Table 4). 
Figure 1 graphically depicts survival versus time 
after surgery for both selective and nonselective 
groups. At no point are the two curves significantly 
different. When protocol violations are deleted, there is 
one less nonselective fatality, but the difference 
remains insignificant (Table 4). 


TABLE 3. Mortalities 
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Selective Shunt 


maman a mariai AAAA i he ei AAA i anaa ep daraa a a ma AA r aA AAAA eaaa aa maaa anaa aa d a raer Lrear  e m = 


Time until 
Patient Death (months) Cause 
VM 1? Hepatic failure 
GM i? Hepatic failure 
CWa 1* Sepsis 
WP 16 Hepatic failure 
ON 31 Gastrointestinal hemorrhage 
JI 27 Hepatic failure: alcoholism 
BE 24 Unknown 
DS 25 Hepatic failure; alcoholism 
DP 49 Unknown 
CC 21 Hepatic failure; alcoholism 


Nonselective Shunt 


——————————À 


Time until 
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Patient Death (months) Cause 

FS i Hepatic failure 
AC I? Hepatic failure 
CWo r Hepatic failure 
MR 3 Hepatic failure 
GD 12 Hepatic failure 
HM 8 Hepatic failure 

JR 23 Suicide 

LO 16 Gastric carcinoma 
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* Hospital mortality. 
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TaaLE 4. Results: Hospital Mortality, Total Mortality and Encephalopathy 


RR —————————————————— 





N 

Selective performed 26 

Nonselective performed 29 
p Value 

Selective randomized and performed* 25 

Nonselective randomized and performed? 27 
p Value 








T One protocol violation deleted. 


Encephalopathy 


Fifteen nonselective (5296) and only three selective 
patients (12%) experienced episodes of clinical en- 
cephalopathy at some time in the postoperative period. 
This difference is highly significant (p < .001) and re- 
mains so after deletion of the three protocol viola- 
tions (p < .005) (Table 4). Five nonselective patients 
were totally disabled by encephalopathy. Four of 
these individuals eventually succumbed to hepatic 
failure and one resides in a nursing home. Following 
selective shunt, two patients, one an intractable al- 
coholic, developed severe encephalopathy and died of 
hepatic failure. The remaining one selective and ten 
nonselective patients have varying degrees of neuro- 
psychological impairment, but all are able to function 
as outpatients with protein restriction and/or neomycin 
or lactulose therapy. However, only one of the eight 
potentially employable male encephalopaths has a job. 
One individual, who developed quite severe encephalop- 
athy soon after a nonselective shunt. spontaneously 
. improved in the late postoperative interval. Visceral 
« angiography performed at that time revealed an oc- 
cluded interposition mesorenal shunt and the presence 
of hepatopetal portal blood flow. Unfortunately, an 
earlier postoperative angiogram had not been done in 
this patient. 

Nineteen nonselective and 17 selective patients 
received an EEG at some time in their postoperative 
course. This study was abnormal in nine individuals 
following a nonselective shunt. but in only three 
cases after a selective procedure (.05 < p « .1). 


Postoperative Alcoholism 


Seven of 11 selective and three of 13 nonselective 
alcoholic cirrhotics returned to heavy drinking post- 
operatively. An additional one selective and four non- 
selective individuals admitted to at least mild intake of 
alcoholic beverages. The difference in return to heavy 
alcohol consumption between selective and nonselec- 
. tive groups is significant to a level of p « .05. Alcohol 
" consumption was not accurately quantitated in the re- 
maining patients with alcoholic liver disease. 





t Two protocol vidas deleted. 
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Hospital Mortality Total Mortality Encephalopathy 
3 (12%) 10 (38%) 3 (12%) 
3 (10%) 8 (28%) I5 (823 
NS NS — 001 
3 (12%) 10 (40%) 3 (1295) 
3 (11%) 7 (26%) (ARS) 
NS NS 7,005 


Shunt Patency and Recurrent Gastrointestinal Hemor- 
rhage (Table 5) 


Shunt status was determined by either angiography 
or autopsy in 49 patients. Five nonselective (18°) and 
two selective shunts (10%) were occluded (p > .23). 
One selective and two nonselective patients with 
thrombosed shunts experienced variceal hemorrhage 
verified by endoscopy. One individual following 
selective shunt and two after nonselective shunts bled 
from duodenal ulcers. Shunt patency was verified in all 
three of these patients. Another selective patient had 
multiple episodes of upper gastrointestinal hemorrhage 
of unknown etiology in a remote community. This 
individual, in whom shunt patency was never con- 
firmed, was the only fatality secondary to hemor- 
rhage in the trial. 


Longitudinal Evaluation of Hepatic Function 


None of the conventional liver function or hemato- 
logical tests were consistently altered by shunt surgery 
in either group. Only two quantitative measures, 
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Fic. 1. Kaplan-Meier survival plots comparing total survival for 
the selective (©) and nonselective (8) groups. Each open circle 
(2) and closed circle (6) denotes the death of a selective and 
nonselective patient, respectively. Vertical lines on eagh.saph 
indicate surviving patients and the time interval since she y. 
The two survival plots are not significantly differenti 
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TABLE 5. Shunt Patency and Recurrent Gastrointestinal Hemorrhage 
Shunt Patency* Recurrentt Proven Variceal 
Determined Shunt Patent Hemorrhage Hemorrhage 
Selective 21 19 (90%) 3 (13%) 1 (4%) 
Nonselective 28 23 (82%) 4 (15%) 2 (8%) 
p Value NS NS NS 


* Shunt patency determined by either angiography or autopsy. t Patients dying in the perioperative period are excluded from the total 


number of patients at risk. 


Child’s score and MRUS (PO), were determined both 
preoperatively and postoperatively in a sufficient num- 
ber of patients so that meaningful longitudinal compari- 
sons could be made. Both of these indices significantly 
deteriorated in nonselective patients between the pre- 
operative and early postoperative evaluation (Table 6). 
In contrast the selective procedure had no apparent 
deleterious effect on either child’s score or MRUS (PO) 
in the early interval following surgery. When preopera- 


tive and late postoperative values were compared, . 


however, Child's score was altered significantly follow- 
ing both shunting operations. MRUS (PO) was not de- 
termined in any patient in the late postoperative 
period. 


Assessment of Hepatic Portal Perfusion (Table 7) 


In the early postoperative period, visceral angiog- 
raphv revealed maintenance of hepatic portal per- 
fusion in 14 of 16 selective patients (Fig. 2) and in 
one of 20 nonselective patients. This difference is 
highly significant (p « .001). Late postoperative studies 
showed continuing splanchnic perfusion in five of 12 
and two- of 15 selective and nonselective patients, 
respectively (p > .3). 

In both early and late postoperative studies, the 
only nonselective individuals with portal flow were 
those with totally occluded interposition Dacron grafts; 
hepatopetal flow could not be demonstrated by angiog- 
raphy in any patient with a patent interposition 
shunt (Fig. 3). 

Two separate mechanisms, portal vein thrombosis 


and formation of new portasystemic collaterals, ap- 
peared to be responsible for loss of hepatic portal 
perfusion following distal splenorenal shunt. A total 
and a partial thrombosis of the portal vein, respec- 
tively, were seen on early postoperative angiograms in 
two patients. The individual with a partial thrombo- 
sis on the initial study had advanced to a total 
occlusion by the time of the late postoperative evalua- 
tion, while the patient who developed total portal _ 
vein thrombosis in the perioperative period showed no 
change between early and late postoperative angio- 
grams. Development of new collateral pathways to 
either the systemic circulation or the decompressed 
gastrosplenic circulation accounted for the lack of 
hepatopetal portal flow in the remaining patients. This 
collateralization was apparent on the early postopera- 
tive angiogram in one patient and on late studies 
in four patients. Since angiography was performed 
only in the late postoperative period in three of these 
individuals, the time of conversion to hepatofugal flow 
status could not be determined. Two of the three were 
alcoholic cirrhotics who continued to drink heavily. 
The fourth individual had hepatopetal portal flow on 
the initial postoperative angiogram and hepatofugal 
flow on the late postoperative study. 


Late Postoperative Hepatic Function, Nitrogen Me- 
tabolism, and Cerebral Function 


Table 8 presents the results of extensive in-patient 
evaluations performed on 29 of 37 still surviving pa- 
tients between July, 1976, and July, 1977. The mean 


TABLE 6. Longitudinal Evaluation of Hepatic Function 


Child's score Preoperative 
Early postoperative 


p Value 


Preoperative 
Late postoperative 
p Value 


MRUS (PO)* 
(mg N/h/kg BW'75) 


Preoperative 
Early postoperative 
p Value 


All values are mean + standard deviation. Number in parenthe- 
ses indicates number of patients studied. Preoperative and post- 


Selective Nonselective 
6.2 + 0.9 (19) 6.8 + 1.4 (20) 
6.1 + 0.8 (19) 7.9 + 1.9 (20) 

NS <.05 
6.1 + 0.9 (19) 6.7 + 1.3 (23) 
7.4 + 2.0 (19) 8.] + 2.2 (23) 
<.05 «.025 
47 X 10 (8) 44 + 10 (13) 
46+ 9 (8) 31+ 15 (13) 
NS <.001 


operative values compared by paired t-test. * Maximal rate of urea 
synthesis determined by oral melthod. 
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TABLE 7. Angiographic Assessment of Hepatic Portal Perfusion 


Preoperative 


Perfusion No Perfusion 
Selective 26 0 
Nonselective 29 0 
p Value NS 


* Occluded interposition shunts. 


duration since shunt surgery at the time of testing was 
38 and 35 months for the selective and nonselective 
patients, respectively. The two groups are com- 
pared with respect to 11 clinical, metabolic, neurologic, 
and hemodynamic variables. Although the selective 
group enjoys a slight advantage with respect to every 
variable measured, a statistically significant difference 
between groups is reached only for clinical encephalop- 
athy. However, if these individuals are rearranged 
into two groups based on the presence or absence 
of hepatic portal perfusion, the results presented in 
Table 9 are obtained. The *' portal perfusion present 
group is composed of five selective patients and the 
two nonselective patients with thrombosed shunts. The 
20 patients with absent portal flow on late postopera- 
tive angiography make up the second group (13 non- 
selective and seven selective patients). The mean time 
since operation was 40 and 34 months for those with 
and without hepatic portal perfusion, respectively. Pa- 
tients with continuing splanchnic perfusion of the liver 
into the late postoperative interval show a statistically 
significant superiority over those without hepatic portal 
perfusion with respect to nearly every test of hepatic 
function, nitrogen metabolism, and cerebral func- 
tion utilized. In fact, no patient with hepatopetal 
portal flow developed either clinical or EEG evidence 
of portasystemic encephalopathy. 







Perfusion 


vc 


Early Postoperative Late Postoperative 


No Perfusion Perfusion No Perfusion 
14 2 5 
1* 19 Phi 13 
<.001 NS 
Discussion 


The results of this trial demonstrate that quality of 
survival following the distal splenorenal (selective) 
shunt is superior to that present after interposition 
shunting procedures (nonselective). After a follow-up 
of approximately four years only 12% of selective 
patients, as contrasted to 52% of nonselective patients, 
have experienced episodes of portasystemic en- 
cephalopathy. This low incidence of neuropsycho- 
logical complications appears to be due, at least in 
part, to the higher likelihood of maintaining portal 
venous perfusion of the liver after selective shunt. 
Eighty-eight per cent of patients in the early and 42% 
in the late postoperative period following selective 
shunt had hepatopetal flow documented by visceral 
angiography. None of these patients displayed either 
clinical or EEG evidence of encephalopathy. In 
contrast, after nonselective shunt, only two individuals 
(both with occluded shunts) among 15 studied angio- 
graphically (14%) had continuing portal flow to the 
liver. This finding is contrary to a recent report,” 
which claims a high incidence of hepatopetal flow 
following the interposition mesocaval shunt. 

The presence of hepatic portal perfusion is as- 
sociated with several, probably interrelated, benefits 
(Table 9). Those individuals with portal flow had quan- 


Fics. 2a and b. (a, left) 
Superior mesenteric (a) 
and splenic (b) angio- 
grams after a selective 
shunt. The venous phase 
of the superior mesen- 
teric angiogram shows 
opacification of the 
superior mesenteric vein 
(MV), main portal vein 
(PV), and the intra- 
hepatic branches of the 
portal vein (arrows). The 
venous phase of the 
splenic angiogram opaci- 
fies the splenic vein 
(SV), left renal vein 
(RV), and inferior vena 
cava (VC). 
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titatively superior liver function as measured by GEC, 
MRUS, and Child’s score. This greater hepatic func- 
tional reserve, combined with continuing perfusion of 
the liver with intestinal blood, resulted in a higher 
capacity for metabolism of intestinally absorbed nitrog- 
enous substances, manifested by a lower fasting 
plasma ammonia and better tolerance to an oral dose 
of ammonium chloride. These factors probably con- 
tributed to the neuropsychological superiority of those 
individuals with hepatopetal portal flow. These results 
confirm in man what has heretofore been clearly shown 
only in experimental animals, i.e., portal blood flow is 
essential for maintenance of several aspects of hepatic 
physiology. 

After we had recognized the several advantages 
gained from preservation of hepatic portal perfusion 
(Table 9), we were indeed disturbed to find that over 
50% of selective patients had no evidence of hepatope- 
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Fics. 3a and b. (a, left) 
Superior mesenteric (a) 
and splenic (b) angio- 
grams after a nonselec- 
tive, mesorenal shunt. 
The venous phase of 
both angiograms opaci- 
fies the interior vena 
cava (VC). The portal 
vein is not visualized on 
either study. MV = su- 
perior mesenteric vein. 
SV = splenic vein. 
Arrows delineate lateral 
border of inferior vena 
cava. 


tal portal flow on angiograms performed in the late 
postoperative period. Potentially correctible, technical 
factors may have played a role in some of these 
individuals. Portal vein thrombi were detected in two of 
the 21 selective patients who underwent angiography 
at some time postoperatively. We have noticed a simi- 
lar incidence of this complication in our nonrandomized 
patients. We presume that thrombosis occurs second- 
ary to portal vein trauma, and, therefore, we now 
ligate rather than clamp and oversew the proximal 
splenic vein whenever possible. Another technical 
point which should be emphasized is that a complete 
isolation of the gastrosplenic circulation from the re- 
mainder of the portal circulation is essential. This is 
accomplished by careful ligation of left gastric, umbili- 
cal, and right gastroepiploic veins, as well as any other 
collaterals connecting the superior mesenteric and 
gastrosplenic circulations. Although the surgeons par- 


TABLE 8. Late Postoperative Evaluation: Influence of Type of Shunt Performed 





Selective 

Hepatic function 

Child’s score 6.9 + 1.6 

MRUS (IV)* (mg N/h/kg BW':*) 45 + 15 

GEC* (mg/min) 321 + 86 

Antipyrine clearance (ml/min) 29 + 19 
Nitrogen metabolism 

Fasting NH, (ug/100 ml) 63 + 23 

NH, tolerance (ug: min/100 ml) 5689 + 3536 
Cerebral function 

Clinical encephalopathy l 

Abnormal EEG 3 

Cancelling A's test 32 2 12 

Reitan trail test (sec) 201 + 124 
Hepatic portal perfusion 5 





All values are mean + standard deviation. Number in parenthe- 
ses indicates number of patients tested. Groups statistically com- 
pared by unpaired t-test or X? analysis. * Galactose elimination 








Nonselective p Value 

(12) 49:12. (TY NS 
(10) 42 7 (10) NS 
(12) 293 + 85 (14) NS 
(11) 24 + 12 (13) NS 
(12) 86 + 50 (17) NS 
(12) 8046 + 3542 (16) NS 
(12) 10 (17) <.01 
(12) (17) NS 
(12) 31+ 14 (14) NS 
(12) 220 + 126 (16) NS 

(15) NS 


(12) 24 











capacity. * Maximal rate of urea synthesis determined by intrave- 


nous method. € Occluded interposition shunts. 
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TaBLE 9. Late Postoperative Evaluation: Influence of Hepatic Portal Perfusion 
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Portal Perfusion 


Present Absent p Value 

Hepatic function 

Child's score 6.0 + 1.2 (7) 79 + 1.8 (20) «025 

MRUS (1V)* (mg N/h/kg BW?) 42 = 14 (6) 41 € 8 (12 «.05 

GEC* (mg/min) 403 + 66 (7) 269 + 63 (17) « 001 

Antipyrine clearance (ml/min) 33 + 20 (7) 24 + 14 (16) NS 
Nitrogen metabolism 

Fasting NH, (ug/100 ml) 47 +2 {7) 89 + 44 (20) cM 

NH, tolerance (ug: min/100 ml) 4279 + 4765 (7) 8120 + 2988 (19) z.01 
Cerebral function 

Clinical encephalopathy 0 (7) 9 (20) <.05 

Abnormal EEG 0 (7) 8 (20) «05 

Cancelling A’s test 42 + 14 (7) 29 + 10 (18) <Q] 

Reitan trail test (sec) 169 + 147 (7) 247 + 172 (19) NS 














All values are mean + standard deviation. Number in parenthe- 
ses indicates number of patients tested. Groups statistically com- 
pared by unpaired t-test or X? analysis. * Galactose elimination 


ticipating in this trial attempted to interrupt all of these 
pathways, others! ?? have described a ‘‘modified’’ 
distal splenorenal shunt with preservation of the left 
gastric vein. It is our feeling that such a modification 
converts the selective distal splenorenal shunt into a 
remote nonselective shunt with probable eventual loss 
of hepatopetal portal flow in the majority of patients. 
Since superior mesenteric venous hypertension is 
maintained following distal splenorenal shunt, the stim- 
ulus for portasystemic collateralization remains. 
Therefore, even with faultless technique at the initial 
operation, a certain proportion of patients are destined 
to eventually convert to a hepatofugal flow state. One 
might expect this to occur more frequently and sooner 
following surgery in patients with minimal preoperative 
hepatic portal perfusion and in those with progressive 
liver disease. Unfortunately visceral angiography pro- 
vides only a rough, qualitative estimate of portal per- 
fusion. Therefore, some patients who had quantitatively 
minimal portal flow to the liver, but were accepted 
to the trial because the intrahepatic branches of their 
portal vein opacified on preoperative angiography, may 
have been at significant risk for loss of their portal 
flow in the early postoperative period. Development 
of reliable, quantitative methods of assessing this 
variable would be of great help in better selecting 
patients for the distal splenorenal shunt. Progression 
of liver disease appeared to play an important role in 
at least two individuals who lacked hepatopetal 
portal flow in the late postoperative interval. Both of 
these patients had alcoholic liver disease with de- 
terioration in liver function secondary to chronic, 
heavy consumption of alcohol. 
A similar number of fatalities occurred in both 
groups. However, the length of survival between the 





capacity. * Maximal rate of urea synthesis determined by intrave- 
nous method. 


time of shunt surgery and death was significantly 
longer in the selective group. A possible explanation 
for this difference is that total portal diversion may 
exert its adverse effects soon after surgery. Evidence 
for this is provided by the significant decrease in 
MRUS and worsening of Child's score which occurred 
between preoperative and early postoperative evalua- 
tions in the nonselective group (Table 6). The three non- 
selective patients who died of hepatic failure between 
three and 12 months postoperatively (Table 3) had 
particularly sharp decreases in their MRUS (34-16, 
32-14, and 34-16 mg N/h/kg BW”). These were the 
three lowest MRUS values recorded in the trial. In 
contrast three of the seven late selective fatalities were 
due to progressive alcoholic liver disease. The signifi- 
cantly higher incidence of postoperative alcoholism in 
the selective group probably contributed both to mor- 
tality and to deterioration in hepatic function in some of 
the late postoperative survivors. Thus, if progression 
of liver disease is the main factor limiting survival, 
type of shunt performed probably has little influence on 
this variable. However, if the liver disease is quiescent 
or can be made stable by removing the responsible 
hepatotoxin, e.g., alcohol, and recurrent variceal 
hemorrhage is the factor limiting survival, the selective 
shunt may provide for both a more encephalopathy- 
free and longer life. 
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DISCUSSION 


Dr. Watts RANKIN Wess (New Orleans, Louisiana): Dr. 
Warren's group always presents a very intriguing paper, and | 
think the most intriguing aspect of today’s report is the very 
novel way in which he has developed his data. The control group 
scrambles three different procedures and all are called total shunts. 
The short, broad mesocaval shunt usually remains patent as a 
partial shunt. while the mesorenal shunt—longer and poorly posi- 
tioned — usually thromboses and is a nonshunt. 

Second, in comparing portal perfusion to nonportal perfusion in 
the effect on the liver. he’s actually thrown the failures of the 
Warren shunt into the control group, and I don't think this is a valid 
concept. 

] suspect that when he's talking about the reduced function, 
it's more of a reflection of the continuing hepatic disease, than 
of the nature of the shunt or decompression. He reports that 
the Warren shunt does not alter portal pressure, vet a high per- 
centage of them still lose their prograde flow, which again 
emphasizes that this probably is due to the progressive liver 
disease rather than the shunt. 

(Slide) In contrast, here is the ten-year experience from Tulane. 
started in 1968 by Dr. Ted Drapanas and continued by his associate, 
Dr. James Dowling, for whom I am privileged to present these 
data. You notice that there are 132 patients. Only 18 of these 
are Type A. The rest are all B's and C's, nearly half of them are 
in the C group. and essentially all of those that Dr. Warren 
talked about today would be in the A group. 

The rebleeding is very low, none in the A, only 4% in the B. 
Encephalopathy is not a problem: none in the A group. comparable 
to the 11% encephalopathy rate presented today; 16% in the B 
group; and about 35% of those in the C group. 

Operative mortality is under 10%, and it is essentially con- 
centrated in the C group. and the total related mortality, over a 
ten-year cumulative period is less than 20%. There are. addi- 
tionally, four other deaths all due to suicide, which emphasizes the 
psychosocial aspect of this particular disease. 


(Slide) The preoperative portal pressure, 325 mm saline in this large 
group of patients, was in general halved; Patency in 73 that were 
studied by passing catheters up the cava, through the shunt, into 
the portal system, was demonstrated in 90%, and all patients who 
had preoperative prograde flow and had a patent graft likewise had 
postoperative prograde flow. 

About half of those patients who were in the Class C did not 
have demonstrable prograde flow prior to initial operation. 

So, in summary, 1 find it very difficult to accept the advocating 
of a procedure that is difficult, time-consuming. and has a learning 
curve with a very high mortality. It is a disconnection, rather 
than a shunt, doing very little for portal hypertension. [t in- 
creases the incidence of ascites, and is applicable only for Class 
A patients. who hardly need the procedure. 

This is in contrast to a procedure which a ten-year experience 
shows to be simple, rapid, relatively bloodless, easily learned 
and effective in controlling portal hypertension and variceal 
bleeding. It prolongs life, and it drastically reduces the incidence 
of encephalopathy and ascites. lt is applicable to all classes of 
cirrhotics, rather than just Class A. 

| hope that at the next presentation Dean Warren makes he'll 
put this in proper perspective. 


Dn. RoBERT Zeppa (Miami, Florida): Well, I must state that 
Dr. Rikkers has presented the definitive study demonstrating the 
superiority of selective shunting in reproducible physiological 
terms. I'd like to support the concept of the superiority of this 
procedure in terms of both survival and safety. 

(Slide) Last year I pointed out to the group that on actuarial 
analysis. if one divides a group of cirrhotics who have bled, on an 
average, twice, with a mean number of transfusions of seven. 
there's a difference in survival between alcoholics and nonalco- 
holics. This, obviously, presents us with data allowing for pre- 
diction. 

(Slide) At the present time, to remark upon the safety. as of 
last week this was the series in the elective group —that is. people 
whom we were able to stop bleeding. Fifty per cent of those 
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patients bled in our hospital; of 118 patients, there were two 
postoperative deaths. The breakdown on alcoholic/nonalcoholic 
is as follows: 43° nonalcoholic, 57% alcoholic, and this ratio 
appears to be maintaining in our community. 

But now, comparing actual survival to the predicted survival of 
the actuarial analyses, let's look at the three-year survivals. In 
the nonalcoholics, we had predicted that there would be 88% 
survival. Actual survival is 89°. In the group of alcoholics, 
whether or not we assume that the two who were lost to follow-up, 
are alive the survival is infinitely poorer. which suggests to us 
that the continued alcohol abuse is the problem, and that one will 
never be able to compare these operations until we get a ran- 
domized study of the nonalcoholics. 

Unfortunately, none of us. I believe, will have sufficient num- 
bers of patients in the nonalcoholic group to do such a randomized 
study, and I think we should probably aim for a cooperative type 
study. 

Furthermore, | do believe that we can support the theory. on the 
basis of protein testing and serial electroencephalograms, that the 
patients who have survived at the three-year level have no change 
in this parameter. 


Dr. JOHN TERBLANCHE (Cape Town, South Africa): Although 
this group has achieved a milestone in this procedure, we in Cape 
Town have taken another view of the management of these pa- 
tients, We have argued that one should try to eradicate the 
varices in the lower esophagus, and at the same time attempt to 
prevent the physiological derangements which all shunt proce- 
dures. including the Warren shunt, inflict upon our patients. The 
technique that we have chosen for evaluation has been repeated- 
injection sclerotherapy. In August of 1975, a prospective randomized, 
controlled clinical trial was commenced with the objective of 
assessing injection sclerotherapy against conventional medical 
management, in all patients admitted to our hospital with proved 
variceal bleeding. Proof of bleeding was based on endoscopic 
diagnosis within twenty-four hours of admission. All comers and 
all risk grades were included. 

To date we have randomized 31 patients, and the results are 
preliminary. The first 25 month assessment will be presented 
briefly. At this stage it's too early to discuss survival, but one 
can evaluate eradication of varices and recurrent bleeding. In the 
patients who have been randomized into the injection group. we 
have been able to eradicate varices by repeated-injection sclero- 
therapy in all survivors. and once the varices had been eradi- 
cated there was no further recurrent variceal bleeding. In fact, 
there are 11 injected patients who can be assessed. In seven of 
them eradication was easy; in four it was difficult, but in all it 
was possible to eradicate the varices. The longest period of eradica- 
tion has been 21 months. The average has been 9.4 months. 
Only two patients have developed one single variceal channel 
during the follow-up period. and this has been further eradicated 
by a single injection, in one patient for a further seven months. 
On the other hand, the control patients have continued to have 
recurrent variceal bleeds. 

I would commend to the society that. in addition to looking at the 
exciting Warren shunt. or mesocaval shunts, the members 
should also consider repeated-injection sclerotherapy in design- 
ing future prospective trials. to evaluate this treatment in patients 
in your country, The majority of the patients in our trial were 
alcoholic cirrhotics. 


Dr. WILLIAM V. McDermott (Boston, Massachusetts): As has 
everyone who has been distressed over the years by seeing the 
really very distressing complications of encephalopathy following 
shunt surgery. reported in varying percentages by different 
groups, I have followed Dr. Warren's and Dr. Zeppa's procedure 
with great interest. When they proposed this ingenious procedure 
several years ago. one could make four certain tentative initial 
predictions. First selective decompression of esophageal varices 
could be achieved, and bleeding prevented, to the approximate 
degree of the proximal splenorenal shunt, which relates to the size 
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of the vein and the degree of decompression. Second portal 
perfusion of the liver would be maintained. and perhaps portal- 
systemic encephalopathy minimized, but the reconstitution of portal- 
azygos flow might gradually develop. If this occurred the distal 
splenorenal shunt would hemodynamically begin to resemble. 
increasingly, the proximal splenorenal shunt. Third the distal spleno- 
renal shunt would not correct the pathophysiological disorder of a 
postsinusoidal block which results in intractable ascites. and 
therefore, moderate to severe ascites could present a continuing, 
or increasing, problem — this has proved to be true, in many instances. 
Fourth, the distal splenorenal shunt would have only the same 
degree of effectiveness — about 50% —in reversing the severe pan- 
cytopenia as any other decompressive shunt which leaves the spleen 
in situ. 

Now, in our own efforts to resolve some of these problems. the 
Boston Interhospital Liver Group initiated a randomized study 
several years ago; to date 53 patients with a history of bleeding 
varices have been considered for the study. It has been of con- 
siderable interest to us that, of these. 35 were rejected for ran- 
domization for various reasons, the most prominent of which were 
ascites, severe pancytopenia, retrograde flow, previous bouts of 
severe pancreatitis, splenic vein abnormalities. occlusion. or in- 
adequate size and a number of other miscellaneous causes. 

In the 18 patients who have been randomized and followed 
for more than a year, the results have been of great interest only 
to the patients, since there has been no encephalopathy in either 
group to date. and there has been only one bleed. in à patient with a 
thrombosed distal splenorenal shunt. These are hardly garth- 
shattering conclusions, but, ] think. they illustrate both the 
difficulty of randomizing this widely varied group of patients and 
the need to follow them for a long period of time. Having fol- 
lowed shunts over the years. Fm sure that a number of these — 
and I would accept the fact that in the nonselective shunts it might 
well be higher— will gradually and increasingly begin to develop 
encephalopathy as years go by. 

It still remains a difficult problem, but I think that Dr. Warren 
and Dr. Zeppa have made major contributions to our understanding 
of the pathophysiology and hemodynamics, | would visualize this 
selective shunt as being very useful in selected patients. and it is 
certainly a contribution, 


DR. DONALD CLARK NaABSETH (Boston. Massachusetts) E rise 
as a supporter of the Warren procedure. but with some reserva- 
tion. Our experience with a series of 25 patients has shown distal 
splenorenal shunts to be superior to the portacaval shunt or the 
mesocaval shunt, as has been indicated in this paper. However, 
late hemodynamic studies on certain of our patients have shown 
reversal of portal flow. 

(Slide) On the left is an angiogram one month following selec- 
tive distal splenorenal shunt. Note the isolation of the right side 
of the portal system. except for a few small collaterals. Also note 
that there is prograde flow in the portal vein. 

Contrast this with the angiogram on the same patient two years 
following the operation, in which collateral channels have sige 
nificantly dilated, in association with reverse portal flow and direct 
filling of the shunt. This patient has mild. intermittent encephalopathy. 

(Slide) Here are celiac arteriograms on a second patient. with 
reversed portal flow in this series. who is completely asymptomatic. 
On the left is seen the preoperative celiac arteriogram. and on 
the right is the celiac arteriogram three years post distal spleno- 
renal shunt. There is a significant enlargement of the hepatic 
artery over this period, and we believe this is a possible explana- 
tion for the patient's state of wellbeing in the presence of reverse 
portal flow. 

It would seem that all the answers are not in. Time appears to 
be an important factor following distal splenorenal shunts. and | 
wonder if the authors may comment on this aspect of the problem. 
Perhaps more of our selective shunt patients will reverse their 
portal flow as time goes on. If this occurs, perhaps their freedom 
from encephalopathy will significantly depend on their capacity to 
increase their hepatic arterial flow, as Burchell and associates have 
shown in patients with portacaval shunts. 
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DR. CaRLOÓ E. Grossi (New York. New York): Our group at St. 
Vincent s, Dr. Moreno, Dr. Burchell and Dr. Nealon have always felt 
that the real rates morbidity and mortality don't show until the 
fifth or eighth year after the operation. We feel that 70% incidence 
of encephalopathy for the total shunts is inordinately large, and 
this may be due to the definition of encephalopathy used. If one 
uses a definition of laboratory malfunction or EEG evidence, the 
incidence is always higher. Using clinically significant criteria of 
moderate to severe encephalopathy. the incidence has not ex- 
ceeded 30%, as shown by many large series of patients, including 
our own. 

(Slide) If Dr. Moreno's studies have shown that the postshunt 
increase in hepatic arterial flow seemed to be the only, single factor 
associated with survival and incidence of encephalopathy that 
was significant upon analysis. 

You'll notice that in 47 postshunt patients, encephalopathy de- 
veloped where the increase in hepatic artery flow was 110 ml/min; 
compared to when encephalopathy was not present, there was an 
increase of over 275 ml/min. The overall incidence of encephalop- 
athy in the 47 patients was 32%. 

The postshunt increase in hepatic artery flow was probably due 
to the decreased arteriolar resistance induced by the shunt. This 
implies an improved oxygenation of liver cells, with better func- 
tion. Our question is: Could total hepatic blood flow be estimated 
in this group of patients before and after, so that we might discover 
why there is this decrease in encephalopathy with the Warren shunt? 


Dr. W. DEAN WARREN (Closing discussion): In regard to the 
so called demonstration of portal perfusion in the presence of a 
patent mesocaval shunt, this is a clear angiographic syndrome 
which we are now preparing to publish. We sent our angiographer 
to Charity Hospital, and he went over their records, and there is 
not a single proven case of perfusion of the liver with a patent 
mesocaval interposition graft. It is a perfusion/confusion picture 
where they inject the liver at the same time as the intestine, and 
the blood is coming out of the liver, as Dr. Nabseth has men- 
tioned, and coming up from the intestine. It gives the impression of 
perfusion of the liver, when it actually is not. 

I would be very grateful if Dr. Webb would explain the difference 
between putting in an 18 mm Dacron graft between the vena cava 
and the superior mesenteric vein, or the mesenteric vein and the 
renal vein, and how that would make a difference. The physiology 
of that escapes me, and I have thought about this many times in 
my discussions with Dr. Drapanas. 

We do not restrict ourselves to Class A. We do all types of pa- 
tients. The only ones that we turn down are those with acute, 
tense ascites, and I'll show you a slide in just a moment. 

I appreciate Dr. Zeppa's remarks. He has probably worked with 
more cases than anybody in the world, as he was on the original 
team, with John Ploman and me, that developed this procedure. 
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Although he didn't give you time enough to record in your minds 
that figure, nonalcoholic cirrhotics have a 90% five-year survival. 

Dr. Terblanche, | think, has a very valid point. I believe sclero- 
therapy is an advance in an adjunctive therapy which we are 
attempting to use. Professor Johnston from Belfast visited us not 
long ago, and I believe that this will be a valuable addition to our 
armamentarium; and those who are interested in this subject should 
become familiar with this new, important technique. 

We don't turn down all the patients Dr. McDermott does for 
distal splenorenal shunt. Every one of them has hypersplenism. 
We've done patients with platelet counts as low as 20,000. There 
is no reason to turn them down, if you understand blood control 
during operation. 

The patency rate, is higher with this shunt than the Linton 
splenorenal. We have a proven patency rate at Emory, either 
angiography or autopsy, of 95%. 

Acute tense Ascites is a contraindication to the procedure, not 
just the presence of ascites, or ascites which is clear. 

Dr. Nabseth has done some of the most fundamental studies on 
flow and pressure in this area, and has brought up one of the funda- 
mental questions that has concerned us. That is the length of time 
over which collaterals will develop which will decompress the portal 
system and result in loss of portal flow. 

We started out with 88% immediate perfusion, and we did not 
turn down anybody because of poor portal flow. It was either no 
portal flow, or they were randomized. We still had 50% perfusion 
at over three years. With the new adjuncts of percutaneous catheteri- 
zation of the portal vein, as Dr. Nabseth and his group have 
pioneered, we think we can occlude some of those collaterals, and 
maintain flow for a longer length of time. 

The arterial flow is important, as Dr. Grassi has indicated. 
Every aspect of encephalopathy is completely different between 
these two groups. This is at an average, as we say, of 38 months. 

(Slide) These are patients that are referred to Emory —we now 
have over ninety —for the distal splenorenal shunt. They are a 
better risk group than the group you just saw presented, and 
they have a higher percentage of nonalcoholic cirrhotics. When 
you talk about not being able to do the operation with a low mortality, 
you simply are talking in error. Of roughly 90 patients, there 
were two hospital deaths. In that are included at least six or eight 
emergencv shunts. Most of the patients had ascites, or had had it just 
prior to the shunt; and dating back to 1971, there are still only 10 
deaths in that group. 

So I would say, in closing, that a total shunt is a total shunt, and 
it doesn't matter if it goes to the right, into the vena cava, or to 
the left, into renal vein. Dr. Watts, I'm going to work with you on 
this; you just have patience. It bypasses the liver; the portal 
blood does not get there. We feel that that's most important. as 
was demonstrated in this study. 

The big problem is the one that was highlighted last, and that is the 
loss of portal flow through continued portal hypertension and de- 
velopment of collaterals. 





Artist's interpretation of pathogenic 
Bacteria invading a group of host cells. 





Artist's interpretation of the lysis of susceptible 
bacteria which occurs under the influence of 
cephradine. Cephalosporin antibiotics interfere 
with transpeptidization (a final step in cell-wall 
synthesis). This results in a loss of rigid structure; 
total dissolution of the pathogen takes place in 
isotonic environments. 





Breaking infections 
is the hallmark of 


velosef 


CEPHRADINE, SQUIBB 





Since its introduction in 1974, Velosef has become the fastest 
growing oral cephalosporin in the country. Many physicians 
have found that Velosef fills a definite need in their antibiotic 
armamentarium, especially when the need is for an oral antibiotic 
that is rapidly absorbed, well tolerated and reliably effective. * 


More particularly, Velosef offers the practitioner several distinct 
advantages, including... 


a first in oral cephalosporin therapy: 

BID dosage— 

a great convenience for office patients, as well as in the 
nospital—moreover, the option of prescribing one or two 500 mg 
capsules q 12 h (depending on the infection*) may raise the 
level of compliance appreciably. 


Resists destruction by bacterial enzymes 

With reference to its resistance to hydrolysis by staphylococcal 
penicillinase, Lacey and Stokes conclude that cephradine 

is more stable than cephaloridine, cephazolin, cephalothin, 
and cephalexin (in vitro studies). ' 


Rapid, virtually total urinary excretion 

Velosef is excreted virtually unchanged in the urine reaching 
concentrations as high as 3200 mcg/ml within three hours 
following a single oral dose of 500 mg. as demonstrated in 17 
healthy adult male volunteers. 


An impressive record of clinical success 

In a broad range of infections ,* including those of the urinary 

tract, upper and lower respiratory tract, and skin and skin structures. 
Velosef oral preparations have produced an impressive 

record of clinical success and bacterial eradication, both with 

BID and QID dosage schedules. 
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Capsules and Powder for Oral Suspension 


BID or QID....you have a choice 


“Please see next page for Brief Summary, including susceptible organisms 
and D.i.d. and q.i.d. dosage schedules 
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VELOSEF* CAPSULES 
Cephradine Capsules 


VELOSEF® FOR ORAL SUSPENSION 
Cephradine for Oral Suspension 


DESCRIPTION: Velosef ‘250 Capsules and Velosef ‘500° Capsules 
(Cephradine Capsules) provide 250 mg. and 500 mg. cephradine, re- 
spectively, per capsule. Velosef ‘125° for Oral Suspension and Velosef 
'250' for Oral Suspension (Cephradine for Oral Suspension) after prep- 
aration provide 125 mg and 250 mg. cephradine, respectively, per 5 ml 
teaspoonful 

INDICATIONS: These preparations are indicated for the treatment of 
infections caused by susceptible strains of designated microorganisms 
as follows: Respiratory Tract Infections (e.g.. tonsillitis, pharyngitis, and 
lobar pneumonia) due to S. pneumoniae (formerly D. pneumoniae) ana 
group A beta-hemolytic streptococci [penicillin is the usual arug of 
choice in the treatment and prevention of streptococcal infections, in- 
cluding the prophylaxis: of rheumatic fever, Velosef (Cephradine 
Squibb) is generally effective in the eradication of streptococci from the 
nasopharynx; substantial data establishing the efficacy of Velosef in the 
subsequent prevention of rheumatic fever are not available at present]: 
Otitis Media due to group A beta-hemolytic streptococci, H. influenzae, 
staphylococci, and S. pneumoniae; Skin and Skin Structures Infections 
due to staphylococci; and beta-hemolytic streptococci, Urinary Tract 
Infections, including prostatitis, due to E. coli, P mirabilis, Klebsiella 
spp., and enterococci (S. faecalis) 

Note: Culture and susceptibility tests should be initiated prior to and 
during cephradine therapy. Renal function studies should be performed 
when indicated 
CONTRAINDICATIONS: In patients with known hypersensitivity to the 
cephalosporin group of antibiotics. s 
WARNINGS: Use cephalosporin C derivatives with great caution in 
penicillin-sensitive patients since there is clinical and laboratory evı- 
dence of partial cross-allergenicity of the two groups of antibiotics; there 
are instances of reactions to both drug classes (including anaphylaxis 
after parenteral use). 

In persons who have demonstrated some form of allergy, particularly 
to drugs, use antibiotics, including cephradine, cautiously ana only 
when absolutely necessary 

Usage in Pregnancy and Lactation: Although no teratogenic Or 
anti-fertility effects were seen in reproduction studies in mice and rats 
receiving up to four times the maximum human dose, the safety for use in 
human pregnancy has not been established; weigh benefits in pregnant 
women against possible risk to the fetus. Cephradine is secreted in 
breast milk during lactation 
PRECAUTIONS: To detect any side effects or unusual manifestations of 





drug idiosyncrasy, follow patients carefully. Discontinue drug and treat 
with the usual agents (e.g.. pressor amines, antihistamines or Cortico- 
steroids) if a hypersensitivity reaction occurs 

Administer cephradine witn caution in presence of markedly impaired 
renal function. In known or suspected renal impairment, careful clinical 
observation and appropriate laboratory studies should be made prior to 
and during cephradine therapy since cephradine accumulates in the 
serum and tissues. Patients with impaired renal function require a mod- 
ified dosage schedule (see package insert) 

Prolonged use of antibiotics may promote overgrowth of nonsuscepti- 
ble organisms. Take appropriate measures should superintection occur 
during therapy 

After treatment with cephradine, a false positive reaction for glucose in 
the urine may occur with Benedict's solution, Fehling's solution, or with 
Clinitest® tablets, but not with enzyme-based tests such as Clinistix® and 
Tes-Tape* 

Recognize that a post-treatment positive Coombs test may be due to 
the drug since a false positive direct Coombs test has been reported 
after treatment with other cephalosporins 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy 
ADVERSE REACTIONS: Untoward reactions are limited essentially to 
G.I. disturbances and, on occasion, to hypersensitivity phenomena. The 
latter are more likely to occur in persons who have previously demon- 
strated hypersensitivity and those with a history of allergy, asthma, hay 
fever, or urticaria 

The following adverse reactions have been reported following use of 
cephradine: G.I.—glossitis, nausea, vomiting, diarrhea or loose stools, 
abdominal pain, heartburn. Skin and Hypersensitivity Reactions—mild 
urticaria or skin rash, pruritus, joint pains. Blood—mild transient 
eosinophilia, leukopenia and neutropenia. Liver—transient mild rise of 
SGOT. SGPT. and total bilirubin with no evidence of hepatocellular dam- 
age. Renal—transitory rises in BUN have been observed in some pa- 
tients treated with cephalosporins; their frequency increases in patients 
over 50 years old. In adults for whom serum creatinine determinations 
were performed, the rise in BUN was not accompanied by a rise in serum 
creatinine. Others— dizziness, tightness in chest, and candidal vaginitis 
DOSAGE: Adults—For respiratory tract infections (other than lobar 
pneumonia) and skin and skin Structures infections: 250 mg. q. 6 h. or 
500 mg. q. 12 h. For lobar pneumonia and urinary tract infections 500 
mg. q. 6h. or 1 g. q. 12 h. Severe or chronic infections may require larger 
doses 

Children over 9 months of age—25 to 50 mg./kg./day in equally 
divided doses q. 6 or 12 h. For otitis media due to H. influenzae: 75 to 100 
mg./kg./day in equally divided doses q. 6 or 12 h. but not to exceed 4 
g./day. Dosage for children should not exceed dosage recommended 
for adults. There are no adequate data available on efficacy of b.i.d 
regimens in children under 9 months of age. 

For full prescribing information, consult package insert 
HOW SUPPLIED: 250 mg. and 500 mg. capsules in bottles of 24 and 100 
and Unimatic* single-dose packs of 100. 125 mg. and 250 mg. for oral 
suspension in bottles of 100 ml. (51978 E. R. Squibb & Sons, Inc. 788-502 
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‘Intralipid | 
IV Fat Emul 


Before the availability of Intralipid 10% LV. 
Fat Emulsion, hyperalimentation was the only 
method of administering highly concen- 
trated solutions of calories and nutrients. But 
hyperalimentation requires central venous 
catheterization, with all its attendant risks. 

Now, with Intralipid 10% I.V Fat Emulsion, 
there is an alternative — the lipid system of 
total parenteral nutrition. The lipid system 
consists of Intralipid 10% LV. Fat Emulsion 
in conjunction with glucose, amino acids, 
electrolytes, minerals and vitamins, and 
provides all essential nutrients, including 
fat', and adequate calories, via periph- 
eral vein. i | 

Intralipid 10% LV. Fat Emul- 
sion is a highly concentrated 
source of calories, providing 1.1 
Calories per ml in an isotonic 
solution. 

And because the lipid system 
Includes fat in the LV. nutritional 
regimen, Intralipid 10% LV. Fat 
Emulsion attains the goal of | 
balanced ILV. nutrition and 














prevents or corrects the symptoms of essential 
fatty acid deficiency. 

Intralipid 10% LV. Fat Emulsion also allows 
for balanced LV. nutrition via central vein in 
those patients who require larger amounts of 
calories than can be supplied by peripheral 
infusion, or who have peripheral veins un- 
suitable for parenteral feeding. Central vein 
infusion of Intralipid 1096 IV. Fat Emulsion, with 
other nutrients infused separately can de- 
crease the risk of metabolic disorders often 
encountered with hyperalimentation infu- 
sions — including osmotic diuresis, hypergly- 
cemia, rebound hypoglycemia, hyperos- 
molar non-ketotic dehydra- 
tion — and prevents or corrects 
essential fatty acid deficiency. 

Intralipid 10% LV. Fat Emul- 
sion — could make the lipid sys- 
tem your method of choice in 
LV. nutrition. 
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*intralpid 10% LV Fat Emulsion must not be mixed 
with electrolyte or other nutrient solutions in order tc 
avoid disturbing the stability of the emulsion. Filters 
must not be used with Intralipid 10% LV Fat Emulsion. 


Now possible. 
Total parenteral nutrition 
vid peripheral vein. 


see following page for full 
prescribing information. 
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intralipid® 10% (10% Intravenous Fat Emulsion) 
is a fat emulsion prepared for intravenous ad- 
ministration. It is made up of 10% soybean oil, 
1.2% egg yolk phospholipids, 2.25% glycerin, and 
Water for Injection. In addition, Sodiurn Hydrox- 
ide has been added to adjust the pH to between 
5.5 and 9 0. 

The soybean oil is a refined natural product 
consisting of a mixture of neutral triglycerides of 
predominantly unsaturated tatty acids. The 
major component fatty acids are linoleic (54%), 
oleic (26%), palmitic (9%) and linolenic (8%). 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
has an osmolarity of approximately 280mOsm/ 
liter and contains emulsified fat particles of 
approximately 0.5 micron size. 

The total caloric value, including fat. phos- 
pholipid and glycerol, is 1.1 calories per mi. of In- 
tralipid® 10% (10% Intravenous Fat Emulsion). 
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ACTIONS 


Intralipid® 10% (10% Intravenous Fat Emulsion) 
is metabolized and utilized as a source of energy 
causing an increase in heat production, de- 
crease in respiratory quotient and increase in 
oxygen consumption following its administration. 
The infused fat particles are cleared irom the 
blood stream in a manner thought to be compa- 
rable to the clearing of chylomicrons. 

Intralipid? 10% (10% Intravenous Fat Emulsion) 
wil prevent the biochemical lesions of essential 
fatty acid deficiency (EFAD). and correct the 
clinical manifestations of the EFAD syndrome. 





Intralipid® 10% (10% Intravenous Fat Emulsion) 
is indicated as a source of calories and essential 
fatty acids for patients requiring parenteral nutri- 
tion for extended periods of time (usually for 
more than tive days) and as a source of essential 
fatty acids when a deticiency occurs. 


The administration of Intralipid® 10% (10% In- 
travenous Fat Emulsion) is contraindicated in pa- 
tients with a disturbance of normal fat metabo- 
lism such as pathologic hyperlipemia. lipoid 
nephrosis and acute pancreatitis if accom- 
panied by hyperlipemia. 

Intralipid® 10% (10% Intravenous Fat Emulsion) 
must not be mixed with electrolyte or other nu- 
trient solutions; no additives can be placed in the 
bottle of Intralipid? 10%. It is supplied in single 
dose containers; a partly used bottle must not be 
stored for iater use. 

Filters should not be used with Intralipid® 10% 
(10% Intravenous Fat Emulsion). 

Do not use any bottle in which there appears to 
be an oiling out of the emulsion. 


Caution should be exercised in administering 
Intralipid® 10% (10% Intravenous Fat Emulsion) to 
patients with severe liver damage, pulmonary 
disease, anemia or blood coagulation disorders, 
or when there is danger of fat embolism. 








ere peut ra e ia Ma AR A T Ei a a pr Pr ALARA or err re n Pe ita m TA nnt 


When Intralipid® 10% (10% Intravenous Fat 
Emulsion) is administered, the patients capacity 
to elirnincte the infused fat trom the circulation 


must be monitored. The lipemia must clear be- 


tween daily infusions. 


During long term intravenous nutrition with In- 


tralipid® 10% (10% intravenous Fat Emulsion), 
liver function tests should be performed: and if 
these tests indicate that liver function is impaired, 
the therapy should be withdrawn. 

Frequent (some advise daily) piatelet counts 
should be done in neonatal patients receiving 
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parenteral nutrition with Intralipid® 10% (10% In- 
travenous Fat Emulsion). 
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The adverse reactions observed can be sepa- 
rated into two classes: 


1. Those more frequently encountered which are 
due either to contamination of the intravenous 
catheter and result in sepsis, or to vein irritation 
by concurrently infused hypertonic solutions 
and may result in thrombophlebitis. These ad- 
verse reactions are inseparable from the 
hyperalimentation procedure with or without 
Intralipid* 10% (10% Intravenous Fat Emulsion); 
and 

2. Those less frequent reactions more directly re- 
lated to Intralipid* 10% (10% Intravenous Fat 
Emulsion) which are: a) immediate or early 
adverse reactions, each of which has been 
reported to occur. in clinical trials. in an inci- 
dence of less than 1%: dyspnea, cyanosis. al- 
lergic reactions. hyperlipemia, hypercoagu- 
lability, nausea, vomiting, headache, flushing. 
increase in temperature, sweating, sleepiness. 
pain in the chest and back, slight pressure over 
the eyes, dizziness and irritation at the site of 
infusion, and rarely thrombocytopenia In neo- 
nates. b) delayed adverse reactions: hepat- 
omegaly splenomegaly. thrombocytopenia, 
leucopenia, transient increases in liver function 
tests. and over loading syndrome (focal sei- 
zures, fever, leukocytosis, splenomegaly and 
shock). 

The deposition of a brown pigmentation in the 
reticuloendothelial system. the so-called "in- 
travenous fat pigment”. has been reported in pa- 
tients infused with Intralipid? 10% (10% intraven- 
ous Fat Emulsion). The cause and significance of 
this phenomenon are unknown. 
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Intralipid? 10% (10% Intravenous Fat Emulsion) 
should be administered as a part of total par- 
enteral nutrition intravenously via a peripheral 
vein or by central venous infusion. 


Adult Patients The initial rate of infusion in 
adults should be cne mi./minute for the first 15 to 
30 minutes of infusion. If no untoward reactions 


occur (see Adverse Reactions section). the infu- 


sion rate can be increased so that 500 ml. will be 
infused over a period of four hours. Only 500 ml. 
of intralipid® 10% (10% Intravenous Fat Emulsion) 
should be infused into adults on the first day of 
therapy. If the patient has no untoward reactions. 
the dose can be increased on the following day. 
The daily dosage should not exceed 2.5 g/kg. of 
body weight. Intralipid* 10% should make up no 
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more than 60% of the total caloric input of the p 
tient. Carbohydrate and a source of amino ack 
should comprise the remaining 40% or more : 
the caloric input. 


Pediatric Patients The initial rate of infusion : 
pediatric patients should be 0.1 ml./minute f 
the first 10 to 15 minutes. It no untoward reactiol 
occur, the rate can be increased to permit int 
sion of | g./kg. in four hours. The daily dosag 
should not exceed 4 g./kg. of body weight. ] 
tralipid® 10% (10% Intravenous Fat Emulsiot 
should make up no more than 60% of total calor 
input of the patient. Carbohydrate and a sour 
of amino acids should comprise the remainir 
40% or more of the caloric input. 


Fatty Acid Deficiency When Intralipid® 10% (1C 
Intravenous Fat Emulsion) is administered to c 
rect tatty acid deficiency. eight to ten percent 
the caloric input should be supplied by 

tralipid® 10% in order to provide an adequa 
amount of linoleic acid to correct the deticieng 


Administration Intralipid® 10% (10% Intravenc 
Fat Emulsion) should be infused separately trc 
any other intravenously administered solutions 
order to avoid disturbing the stability of the em 
sion. It must not be mixed with electroiyte : 
other nutrient solutions, and drugs or vitami 
must not be added to the emulsion in the infusk 
bottle. It can be infused into the same peripher 
vein as the carbohydrate-amino acids solutk 
by means of a Y-connector located near the in 
sion site, and flow rates of each solution shou 
be controlled separately by infusion pumps. Filte 
should not be used with Intralipid® 10% emulsk 

A special Intralipid* 10% (10% Intravenous F 
Emulsion) intravenous administration set 
available. 

Intralipid® 10% (10% Intravenous Fat Emuisio 
is supplied in single dose containers; the rema 
ing contents of a partly used bottle must not ] 
stored for later use. 
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STORAGE 

Intralipid® 10% should be stored under refi 
eration at 4? to 89 C. 

Do not freeze Intralipid* 10% (10% Intravette 

Fat Emulsion): if accidentally frozen, discard bo 








HOW SUPPLIED 
Intralipid? 10% (10% Intravenous Fat Emulsic 
is supplied as a sterile emulsion in 500 : 
containers. 


IMPORTANT 
ADDITIONAL PRODUCT INFORMATION 
Read Carefully Before Administration of 
Intralipid” I. V. Fat Emulsion 
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STOPI 
e Insert Spike H« 


a. Be sure to swab the face of the stopper 
mediately before piercing. 

b. Insert spike through the largest circle of p 
pared stopper with a straight thrust and tr 
twist to fully seat spike. 


2. Special Intralipid” I.V. Fat Emulsion Adn 
istration Set 


A special Intralipid* LV. Fat Emulsion adminis 
tion set is provided with each bottle. Con 
tional administration sets contain polyvi 
chloride (PVC) components that contain DI 
(Diethyl Hexyl Phthlate) as a plasticizer. Fat « 
taining fluids such as intralipid* extract DE 
from these PVC components. 


The special intralipid® LV. Fat Emulsion set d 
not contain DEHP Theretore, this speciai 
should be used for the administration of 
tralipid® 10% (Intravenous Fat Emulsion). 
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it's the reason why Cefadyl was the 
fastest growing cephalosporin in 1977. 


FFICACY 
CONOMY 


— greater 
hospital savings 


This simple equation helps explain why in 
1977 Cefadyl grew in sales more than any 
other cephalosporin 

Find out for yourself! Simply fill out and return 
the attached Business Reply Card for more 
detailed information on the comparative 
benefits of Cefadyl in the hospital scene 


Afadyl»., 


sterile cephapirin sodium 





Please see reverse side for brief summary of prescribing information. 





Please send me detailed information on the efficacy 
and economy of 


Cefadyl».. 


sterile cephapirin sodium 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 
CEFADYL® (sterile cephapirin sodium) 
(7) Cefadyl 3/6/78 


For complete prescribing information, please consult the Official 
Package Circular 

Contraindications: Cefady! (sterile cephapirin sodium) is contrain- 
dicated in persons who have shown hypersensitivity to cephalospo- 
rin antibiotics. 

Warnings: IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPO- 
RINS SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALOSPO- 
RINS, AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particu- 
larly to drugs, should receive antibiotics Cautiously and then only 
when absolutely necessary. No exceptions should be made with re- 
gard to Cefadyl. 

if an allergic or anaphylactic reaction should occur, discontinue 
Cefadyl and institute appropriate treatment. 

y YER Usage in Pregnancy —Safety of this product for use during preg- 
| = TTD T OM [ape nancy has not been established 

` Precautions: The renal status of the patients should be determined 
prior to and during Cefadyl therapy, since in patients with impaired 
renal function, a reduced dose may be appropriate 

Prolonged use of Cefadyl may result in the overgrowth of nonsus- 
ceptible organisms. If superinfection occurs during therapy, appro- 
priate measures should be taken 

With high urine concentrations of cephapirin, false-positive glu- 
cose reactions may occur if Clinitest, Benedict's Solution or Fehling's 
Solution are used. Therefore, it is recommended that glucose tests 
based on enzymatic glucose oxidase reactions (Such as Clinistix or 
Tes-Tape) be used 
Adverse Reactions: Hypersensitivity —Cephalosporins were re- 
ported to produce the following reactions: maculopapular rash, ur- 
ticaria, reactions resembling serum sickness, and anaphylaxis. 
Eosinophilia and drug fever have been observed to be associated 
with other allergic reactions. These reactions are most likely to occur 
in patients with a history of allergy, particularly to penicillin. 

Blood — During large-scale clinical trials, rare instances of neutro- 
penia, leukopenia, anemia were reported. Some individuals, particu- 


larly those with azotemia, have developed positive direct Coombs 
test during therapy with other cephalosporins 
Liver —Elevations in SGPT or SGOT, alkaline phosphatase, and 
oilirubin have been reported 
IM Kidney —Rises in BUN have been observed; their frequency in- 
creases in patients over 50 years old. 
steril C How Supplied: Cefady! (sterile cephapirin sodium) for I.M. or I.V, 
Injection. Cephapirin sodium equivalent to 1 Gm., 2 Gm., 4 Gm., or 


I m 20 Gm. cephapirin. 
Cepnla apirin S u For information on package sizes available, refer to the current 


price schedule 
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Antibiotic Prophylaxis in Vascular Surgery 


ALLEN B. KAISER, M.D., KARL R. CLAYSON, M.D., JOSEPH L. MULHERIN, JR., M.D., ALBERT C. ROACH, PHARM. D., - 
TERRY R. ALLEN, M.D., WILLIAM H. EDWARDS, M.D., W. ANDREW DALE, M.D. 


Preoperative and intraoperative antibiotic prophylaxis of in- 
fection in peripheral vascular surgery has been widely used 
although controlled studies have been lacking. A randomized, 
prospective, double-blind study of cefazolin versus placebo 
during 565 arterial reconstructive operations was performed at 
this hospital from February 1976 through August 1977. 
Among the 462 patients undergoing surgery of the abdominal 
aorta and lower extremity vasculature, there was a highly 
significant difference in the infection rates: 6.8% for placebo 


` recipients versus 0.9% for cefazolin recipients (p < .001). Of 


the 18 infections, four involved vascular grafts and all four 
graft infections occurred in the placebo group. Over 8% of 
abdominal wounds of patients receivimg placebo became in- 
fected versus 1.2% of cefazolin patients (p < .05). Groin 
wounds were infected infrequently, 1.1% for placebo patients 
versus none for cefazolin patients. Mo infections occurred 
among 103 brachiocephalic procedures. Skin antisepsis was 
analyzed retrospectively. Infection rates were significantly 
higher (p < .01) following hexachlorophene-ethanol versus a 
povidone-iodine skin preparation. Adverse effects of cefazolin 
were carefully monitored: no rash, phlebitis, or emergence 
of resistant strains was observed. A brief perioperative course 
of cefazolin and povidone-iodine skin antisepsis are recom- 
mended in vascular reconstructive surgery of the abdominal 
aorta and lower extremity vasculature. 


HE EFFICACY OF PERIOPERATIVE antimicrobial 
T prophylaxis of wound infections following pe- 
ripheral vascular surgery has been widely debated. 
Controlled studies have been lacking, in part because, 
as pointed out by Szilagyi, the low wound infection 
rate associated with peripheral vascular surgery would 
require a study of very large size tc achieve statistically 
significant results.!? In the absence of such controlled 
studies, proponents of pre-, peri-, and postopera- 
tive antimicrobial prophylaxis have emphasized the 
high morbidity and mortality associated with graft 
' - infections,” and the success of prophylaxis in un- 
X controlled reports,!? and the reproducible efficacy of 
antimicrobials in experimental studies. *!*:1? Opponents 
of unrestricted prophylaxis poini out that the rela- 
tively low infection rate in peripheral vascular surgery 
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does not justify the needless exposure of the vast 
majority of patients to potentially toxic antimicro- 
bials.9 Additionally, results from occasional clinical 
studies have suggested that prophylactic antimicrobials 
may not be efficacious in peripheral vascular surgery. 
Thus, Simmons and Stoley commented vigorously 
that ‘‘the prophylactic use of antibiotics should undergo 
the greatest scrutiny since this common use (especially 
in surgery) is supported by very few appropriately de- 
signed, randomized, controlled clinical trials.” 

In an effort to resolve this important issue, a pro- 
spective, randomized, double-blind study evaluating 
the efficacy of cefazolin versus placebo in ‘preventing 
infections in peripheral vascular surgery was per- 
formed. 


Methods 
Selection of Patients 


The study was conducted at this institution from 
February 1976 through August 1977. All patients 
scheduled to undergo vascular surgery were considered 
eligible for participation in the study if: 1) elective 
abdominal aortic or peripheral vascular surgery was 
performed; 2) no preoperative area of ‘‘wet gangrene” 


or cellulitis was present; 3) there was no history. of . ... 


severe penicilin allergy (anaphylaxis, wheezing. or 
exfoliative .dermatitis) or of cephalosporin allergy; 4) 
no preoperative antimicrobials had been administered; 
5) written informed consent was obtained. Two pa- 
tients did not enter the study because of refusal to 
participate; one patient was excluded because of a his- 
tory of a severe penicillin reaction; and only 18 pa- 
tients (3276 of the total) were inadvertently omitted 
from the study. During the 19 month evaluation 565 
patients completed the study. Antimicrobials were 
given within 24 hours postoperatively in seven patients 
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inadvertently during additional emergency surgery. 
All seven patients had received their preoperative and 
appropriate intraoperative cefazolin or placebo; they 
were continued in the study; no wound infections 
occurred in these patients. 

Midway through the study no wound complications 
had occurred among 103 patients undergoing carotid 
artery or brachial artery surgery. Thus, patients under- 
going brachiocephalic procedures were no longer 
included in the study after February 1977. 


The Administration of Antimicrobials 


On the day prior to surgery the hospital pharmacist 
(ACR) assigned each patient to receive either intra- 
venous placebo (normal saline) or antimicrobial (cefa- 
zolin in normal saline) using a table of random num- 
bers. All medications were specifically designed as 
"*placef"' (placebo-cefazolin) and given a code number. 


The medications were indistinguishable by gross in- - 


spection. All involved nurses were given instruction 
in the logistics of the study. One hundred ml of 
saline with or without 1 g of cefazolin was given with 
the on-call medications and postoperatively every six 
hours for four doses. During surgery of greater than 
‘four hours duration an additional 100 ml of saline 
with or without 500 mg of cefazolin was given. The 
code was not revealed on any of the patients until all 
decisions regarding the status of the wound had been 
concluded. 


Evaluation of the Patients 


Each patient was inspected daily specifically for 
signs of phlebitis, rash, fever, and wound infection. 
The vast majority of patients were seen by the attend- 
ing surgeons at least once following hospital discharge 
and late wound complications were reported. 

Wound infections were categorized according to 
depth of involvement: superficial (Class I), subcu- 
taneous tissue (Class ID, and graft (Class IID as 
previously described by Szilagyi et al.!* Wounds were 
considered to be infected when purulence (in the ab- 
sence of prior ischemic necrosis) was noted or when 
rupture of the graft occurred in the presence of puru- 
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lence and/or positive cultures. Each instance of possi- 
ble infection was evaluated by at least three of the 
authors prior to assignment to the infected or non- 
infected category. 


Monitors 


Two physicians not directly involved in the study 
served as study monitors. They were apprised of the re- 
sults of the study at intervals and participated in the 
decision to terminate the study in August 1977. 


Analysis of Results . 


Every procedure was recorded on a marginal punch 
card for sorting and tabulation. All statistical analyses 
were performed using Fisher's Exact Test. 


Results 


Wound infection rates in the 462 patients undergoing 
surgery of the abdominal aorta and/or lower extremity 
vasculature are shown in Table 1. There was a highly 
significant difference in the infection rates among the 
237 placebo recipients (6.896) when compared with the 
225 cefazolin recipients (0.9%) (p « .001). The two 
infections in the cefazolin group were Class II in- 
fections. It was striking that all four graft infections 
(Class III) occurred in the placebo group. Two of 
these patients died and two underwent above-the-knee 
amputations. 

Bacterial pathogens were isolated from the wound 
and/or bloodstream of 17 of the 18 infected patients 
(Table 2). One purulent Class I infection was not cul- 
tured. Cefazolin-sensitive coagulase-positive staphylo- .. 
cocci predominated, isolated in pure culture from nine 
infections or in association with a cefazolin-resistant 
E. coli (one patient) or with anaerobic bacilh (one 
patient). In the remaining six patients gram-negative 
bacilli (pseudomonas, E. coli, klebsiella, and entero- 
bacter) were isolated either in pure culture or mixed 
with enterococci or coagulase-negative staphylococci. 
Five infections due to cefazolin-resistant organisms oc- 
curred, and gram-negative bacilli accounted for the 
resistance in each instance. 


TABLE 1. Wound Infections Among Patients Receiving Cefazolin or Placebo Prophylaxis} 


Number of Number of 
Prophylaxis Infections Patients 
Cefazolin 2 225 
Placebo 16 237 
Total 18 462 


* The difference is significant at p « .001. 


Number of Infections by Category 


Per Cent 

Infected Class I Class I Class III 
0.9%* 0 2 0 
6.8%* 4 8 4 
3.9% 


t Brachiocephalic procedures are not included. 
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The cefazolin prophylaxis did not predispose to 
cefazolin resistance (Fig. 1). Wourd infections harbor- 
ing cefazolin-resistant pathogens were no more fre- 
quent in the patients receiving cefazolin prophylaxis 
than in patients receiving placebc. The most striking 
finding however was the total atsence of cefazolin- 
sensitive pathogens in patients recziving perioperative 
cefazolin. This difference (12 infections among 237 
placebo recipients versus no infections among 225 
cefazolin recipients) in the isolation of cefazolin-sensi- 
tive strains was highly significant (p « .0005) and ac- 
counted for the overall difference in the study. 

Infection rates were analyzed by surgical procedure 
and site of the skin incision (Tables 3 and 4). As noted 
in Table 3, there were no infections among 103 
brachiocephalic procedures. The highest infection rate 
occurred following abdominal aortic resection (7.8%) 
and one Class III infection developed. Procedures in- 
volving a bypass of the femoral artery and lower ex- 
tremity vasculature were associated with a 4.8% in- 
fection rate and three Class III infections occurred. 
Compared to the placebo grotp, cefazolin pro- 
phylaxis was associated with a significantly lower in- 
fection rate (p « .01) for the femoral-lower leg bypass 
procedures. 

As noted in Table 4 abdominal sites were involved 
in 184 procedures and infection occurred in 4.9%, 
significantly higher infection rates (p « .05) were ob- 
served in the placebo group undergoing abdominal 
incisions than among comparable patients given cefa- 
zolin prophylaxis. Only 0.676 of groin sites became 
infected; however, both infections zt this site occurred 
among placebo recipients. 


*"— Adverse reactions. Potentially adverse effects of 


TABLE 2. Bacterial Pathogens Isolated from Wound Infections 


Number of 
Pathogens by 
Category of 
Infection 
—— Total Number 
Pathogen I II mI of Pathogens 
Staphylococcus aureus 
(coagulase positive) P > «A 9 
Mixed: staphylococci and 
gram-negative bacilli it 1 2 
Gram-negative enteric 
bacilli 2. 37 4 
Mixed: enteric bacilli and 
gram-positive cocci 2 2 
No culture 1 1 
Total 4 10 4 18 


* One patient developed a urinary tract infection and sepsis due 
to a cefazolin-sensitive E. coli 48 hours afer graft implantation; 


_ graft dehiscence occurred 13 days postoperatively; cultures obtained 


on the seropurulent fluid at the time of re-exploration while the 
patient was on antimicrobials were sterile. 
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NUMBER OF WOUND INFECTIONS 
o 


PLACEBO 
PROPHYLAXIS 


CEFAZOLIN 
PROPHYLAXIS 


Fic. 1. Cefazolin sensitivity of pathogens isolated from 17 wound 
infections. One Class I infection was not cultured. A wound infection 
was considered to be cefazolin-sensitive if all isolates were sensitive 
to cefazolin. A wound infection was considered to be cefazolin- 
resistant if any isolate was resistant to cefazolin. Striped 
area: cenazolin-sensitive infection. Solid area: cefazolin-resistant 
infection. 


cefazolin were evaluated prospectively (double-blind) 
by daily observation for rash and phlebitis. The post- 
operative intravenous infusion had to be discontinued 
prematurely in two patients because of a truncal rash 
and in two patients because of severe intravenous re- 
lated phlebitis. All four of these patients were found 
to have received placebo when the code was subse- 
quently broken; phlebitis and rash did not occur among 
the patients given cefazolin. 

Preoperative antiseptic skin preparation. Midway 
through the study it was noted that a number of pa- 
tients had received a hexachlorophene-ethanol skin 
preparation as contrasted with a povidone-iodine- 
containing skin preparation used in the majority of the 
patients (Table 5). The hexachlorophene had been 
used as an initial scrub followed by an ethanol 
scrub; seven infections followed (10.3%). The patients 
who received either povidone-iodine alone or hexa- 
chlorophene-povidone-iodine experienced only a 2.8% 
infection rate (p « .01). During the second half of the 
study all patients received a povidone-iodine prepara- 
tion and no additional subsets of high infection were 
identified. 

The. infection rate among patients who had received 
the hexachlorophene-ethanol skin preparation and 
systemic placebo prophylaxis was extremely high 
(18.9%). The marked protection afforded by cefazolin 
in these patients (no infections in 31 patients, p < .01) 
suggests that the efficacy of systemic prophylaxis 1s 
more pronounced with higher infection rates. 
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TABLE 3. Occurrence of Infection by Surgical Procedure and Prophylactic Regimen 


Total Procedures 
Surgical Procedure Infection/Procedures (96) 
0/103 
7] 90 (7.8) 
l/ 94 (1.1) 
10/208 (4.8) 
0/ 56 
0/ 14 


Brachiocephalic 

Abdominal aortic resection* 
Aortofemoral bypasst 
Femoral-lower leg bypass 
Femoral artery surgeryt 
Popliteal artery surgery 


* Includes renal artery reconstruction. 
and femoral endarterectomy. 


The efficacy of cefazolin versus placebo in pre- 
venting wound infection was reevaluated for the 394 
patients receiving a povidone-iodine-containing skin 
preparation. Only two of 194 patients (1.0%) receiving 
cefazolin developed a wound infection versus 9 of 200 
patients (4.5%) receiving placebo. A significant differ- 


ence (p « .05) in infection rate between the cefazolin : 


and placebo groups was again observed. 


Discussion 


Peripheral vascular surgery is associated with low 
infection rates but differs from many surgical proce- 
dures with low infection rates in that the morbidity 
of infection is extremely high." ?:16 This fact was amply 
demonstrated in this study by the two amputations 
and two deaths among the four patients with graft 
infections. However, indiscriminate use of antimicro- 
bials could not be condoned as over 95% of patients 
undergoing peripheral vascular surgery would be need- 
lessly exposed to potential side-effects of antimicro- 
bials: allergic reactions, phlebitis, and the selection of 
resistant flora. Thus, despite the low rate of infec- 
tion, a properly controlled prospective study was 
warranted. 

The major considerations of the study were in re- 
gard to the efficacy and adverse effects of cefazolin. 
The results were conclusive: wound infections oc- 
curred significantly less often following perioperative 
cefazolin prophylaxis and no adverse effects (phlebitis, 
rash, antimicrobial resistance) were related to the 24— 
36 hours of cefazolin use. 


t Includes six patients with aorto-femoral-popliteal bypass. 


Prophylactic Regimen 


Placebo 
Infection/Procedures (96) 


Cefazolin 
Infection/Procedures (96) 


0/ 55 0/ 48 
1/ 39 (2.6) 6/ 51 (11.8) 
0/ 47 147 (2.1) 
1/105 (1.0) 9/103 (8.7) 
0/ 27 0/ 29 
0 7 0 7 


t Includes femorofemoral bypass 


All four ofthe Class III infections (graft involvement) 
occurred in the placebo group. Although the difference 
in the rate of Class III infections between the cefazolin 
and placebo groups was not statistically significant (p 
— .062), a consistent trend of more infections in the 
placebo group was observed with the Class I and Class 
II infections. Given the significant difference in infec- 
tion rates when the wounds were considered together, 
the authors and monitors were unwilling to continue 
the study in order to accrue additional Class III in- 
fections to prove the point statistically. 

Several unexpected results were encountered. First, 
the low rate of infection associated with groin inci- 
sions was contrary to previous reports.?!$ Meticulous 
care of the groin area has been emphasized for years 
and probably accounted for this low infection rate. 

The high infection rate associated with hexachloro- 
phene-ethanol skin preparation was striking. This high 
infection rate was not limited to a particular site of 
infection or particular class of involvement. The efficacy 
of the hexachlorophene scrub was probably impaired 
by the short contact with the skin. Additionally, 
ethanol is known to-inactivate hexachlorophene.!? Al- 
though ethanol is rapidly cidal for most micro-organ- 
isms, it leaves no residual activity and resident flora 
may soon reappear on the skin's surface.!! The hexa- 
chlorophene-ethanol preparation thus has theoretical 
flaws and, as demonstrated by the study, was associ- 
ated with a higher rate of infection than the povidone- 
iodine skin preparation. In a previous study compar- 
ing hexachlorophene skin preparations (without 
ethanol) versus povidone-iodine, the infection rates 


TABLE 4. Occurrence of Infection by Site of Incision and Prophylactic Regimen 


Total Incisions 


Site of Incision Infection/Incisions (76) 


Abdominal incision 9/184 (4.9) 
Groin incision 2/358 (0.6) 
Leg incision 7/228 (3.1) 


Prophylactic Regimen 


Placebo . 
Infection/Incisions (926) 


Cefazolin . 
Infection/Incisions (56) 


1/ 86 (1.2) 8/ 98 (8.2) 
0/179 2/179 (1.1) 
1/117 (0.9) 6/111 (5.4) 
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TABLE 5. Occurrence of Infection by Antiseptic Skin Preparation and Systemic Prophylactic Regimen 


Total Patients 
Infection/Patients (%) 


Antiseptic 
Skin Preparation 


7/ 68 (10.3) 
11/394 (2.8) 


Hexachlorophene-ethanol 
Povidone-iodine 


following hexachlorophene antsepsis were slightly 
higher, but the difference did not achieve statistical 
significance. 

The lack of emergence of resistant strains associated 
with the cefazolin therapy was most gratifying. The 
importance of a short course of prophylactic anti- 
biotic to minimize the emergence of resistant strains 
has been emphasized in the literature.* Prophylactic 


t antimicrobials given for as long as five days definitely 


have been associated with the emergence of resistant 
strains.!^ Since the presence of antimicrobials in the 
tissue at the time of surgery apdears to be the most 
important aspect of prophylaxis, the postoperative 
cefazolin was limited to four doses. 

Staphylococcus aureus has been reported as the 
most common pathogen in wound infections compli- 
cating peripheral vascular surgery;!? this finding was 
verified in our study. The efficazy of cephalosporins 
against staphylococci and the relatively low inci- 
dence of toxic and allergic reactions associated with 
their use prompted our selection of this class of anti- 
microbial. Cefazolin was chosen from among the 
cephalosporins because its use results in high sus- 
tained serum levels and renal toxicity has been virtually 


*— nonexistent.'? It would appear from our study that the 


T. 


primary effect of cefazolin prophylaxis was to prevent 
all potential infections due to cefazolin-sensitive 
pathogens. 


Questions regarding prophylactic antimicrobial — 


therapy still remain, not only for vascular surgery but 
also for other surgical procedures. It is not settled as 
to how low the infection rate must fall before the risk 
of prophylactic antimicrobials ovtweigh their benefit. 
In patients receiving placebo the infection rates follow- 
ing abdominal aortic and lower extremity vascular 
surgery were 11.8% and 8.7%, respectively, and anti- 
microbial prophylaxis was clearly warranted. How- 
ever, infections following elective head and neck 
vascular procedures have not been recognized at our 
institution in years and no infections were seen during 
the first half of the study. Thus we do not routinely 
use prophylactic antimicrobial therapy for head and 
neck surgery. A spectrum of infection rates is observed 


-for other types of clean surgery and rates may vary 


among institutions. Only careful ective surveillance of 


Systemic Prophylaxis 


Placebo 
Infection/Patients (%) 


Cefazolin 
Infection/Patients (%) 


0/ 31 
2/194 (1.0) 


7] 31 (18.9) 
9/200 (4.5) 


surgical wounds will identify problem areas for future 
study and amelioration. 

In summary: 1) Cefazolin begun preoperatively and 
continued for a brief course of therapy was signifi- 
cantly more effective than placebo in preventing wound 
infections. 2) Brachiocephalic procedures were not 
associated with any infections regardless of pro- 
phylaxis. 3) Despite previous reports, groin wounds 
were infrequently infected (0.6%). 4) The povidone- 
iodine skin preparation was associated with signifi- 
cantly fewer infections than the hexachlorophene- 
ethanol preparation. 5) Graft infections occurred in- 
frequently (0.9%), but when present, they were much 
more likely to occur without cefazolin prophylaxis. 
6) The prophylactic use of cefazolin and povidone- 
iodine was associated with no side effects and cefazolin- 
resistance did not emerge. The prophylactic use of 
cefazolin and povidone-iodine is recommended in 
vascular reconstructive surgery. 
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DISCUSSION 


Dr. WiLEv F. BARKER (Los Angeles, California): I certainly 


want to compliment Drs. Mulherin and Dale and their associates . 


for presenting the objective data to justify what many of us have 
been doing on the basis of their prior advice several years ago, 
with good apparent results, but most of us haven't had the docu- 
mentation. 

I would like to submit the data which Mr. H. H. G. Eastcott, of 
St. Mary's London, provided me with last week when I showed him 
the abstract. 

In 1976, St. Mary's Hospital had the first readout of a computer- 
ized analysis of about seven prior years of work on abdominal aortic 
aneurysm grafting. Their practice had been established as follows. 
On the basis of the concept that a patient who had pathogens 
growing in his nasopharynx would be more at risk for infection, 
they had obtained cultures of the nose and throat, before operation. 
Those patients with positive cultures for pathogens received 
appropriate antibiotics on the regimen that Dr. Dale and his asso- 
ciates have suggested; namely, given at the time of on-call medica- 
tion. Other patients received none. 

(Slide) As you will see, there were five graft infections in the 
patient group that seemed to be less at risk, whereas there were 
no graft infections in the 76 from which pathogens were grown. 
Whether this is really a justifiable assumption or not, I'm not 
totally sure. 

Since this data came out in 1976, St. Mary's has gone to the treat- 
ment of all patients on the regimen outlined by Dr. Dale, using 
floxicillin. They now have 139 patients in their treated series, and 
have had only one instance of an infected graft; the patient is thought 
to have been already infected at the time of operation, as the 
patient was moribund, with a leaking aneurysm, in established 
renal failure. 

I have one question for Dr. Dale and his associates. I did not 
clearly understand whether graft infections were counted separately 
from the graft and wound infections which may have occurred 
together. Can you clarify that finally in your discussion? 


Dr. RoBERT EDWARD CONDON (Wood, Wisconsin): This cer- 
tainly has been a controversial subject. Prior to this morning's 
presentation, I think it’s fair to say that there was a small body of 
experimental evidence which supported the concept of antibiotic 
prophylaxis in connection with vascular grafting procedures, but 
the only prospectively organized, blinded, controlled trial which 
had been conducted in this area was the report of Evans and 
Pollack, which included a small subset of vascular patients in a 
much larger clinical study. The numbers were small, and the in- 
fection rates were low. Those authors, when comparing cephalori- 
dine with placebo, were unable to demonstrate that there was any 
significant difference between treated and nontreated patients. 
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So I think it's not only Dr. Barker, but many others of us, who 
are grateful to Dr. Dale and his colleagues for bringing forward 
this morning this well-designed, prospective, blinded, well-con- 
trolled clinical trial. 

But I would like to raise one issue. The infection rate in the 
placebo group over all was about 626. Surprisingly, many of those 
infections involved, not the groin wound, but the abdominal 
wound where the infection rate was about 896. Even if you eliminate 
patients who got the ineffective hexachlorophene/alcohol prep, 
the overall infection rate ts still about 4% in the placebo group. 

These infection rates seem to me to be a little bit high for clean 
elective surgery, and since the conclusion of the study supporting 
the administration of prophylactic antibiotics really depends pri- 
marily on the infection rate in the control group, I'd appreciate 
it if Dr. Mulherin or Dr. Dale could give us some further informa- 
tion about the infection rate in the placebo group, in compafison 
with their previous experience. 

Is the infection rate experienced in this study representative 
of their previous experience with vascular procedures, or is it 
some kind of an unusual phenomenon. related only to the study, 
and perhaps not truly representative of the infection risk in pa- 
tients undergoing vascular grafts? 


DR. EMERICK SzILAGY! (Detroit, Michigan): Antimicrobial 
prophylaxis in vascular surgery is a nearly universal practice, and al- 
though originally its use was purely empirical. and although it is 
still often abused, there is a respectable body of evidence in sup- 
port of its rational, selective employment. The ultimate proof of its 
value—that is, a randomized, prospective, double-blind evalua- 
tion—has, however, been missing. The report we have just heard 
is an account of the first attempt to provide this proof, a circum- 
stance that clearly shows its great importance. 

I had the opportunity to read the text of this report, for which 
I am grateful to the authors, and in reading it I could not help 
but ask myself the question: Has it, in fact, succeeded in providing 
the definitive assessment of the value of these drugs, an assessment 
we have so keenly been looking for? 

There is no question that the study was devised on sound statisti- 
cal principles, conducted with great care and reported with candor. 
Nevertheless, the report has features that have aroused some con- 
cern with respect to its ultimate meaning. 

Time allows only the briefest indication of the more readily 
visible problems of this type. I find it regrettable that the authors 
included in the overall statistical treatment of the results the trivial 
degrees of infection. What one is exclusively interested in is 
the incidence of infectious involvement of the prosthetic implant. 
Inclusion of the minor infectious complications diluted the statistical 
material, and, in addition, introduced a potential source of numerical 
error, since noninfectious healing complications are often im- 
possible to distinguish from primary infection. 
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The decision to interrupt this study sefore the estimated size of 
the clinical sample had been reached was unfortunate. Although, 
by the application of standard techniques of testing significance, a 
striking difference can be shown in favor of the prophylaxis 
group, one has doubts about the practizal value of this demonstra- 
tion. 

The zero incidence of infection ir the prophylaxis group is 
unrealistic, and the rather high incidence of serious infections 
involving the grafts in the placebo group is disturbing. One sus- 
pects the operation of factors that, bzcause of the small size of 
the sample, are not reflected in the statistical manipulation. Theoreti- 
cally, to achieve the goal of the study one would require a sample 
size of 500 to 1000 in each group. 

In brief, therefore, this valuable study has given us important 
new information in support of the selectrve —I repeat, ‘‘selective’’ — 
use of antimicrobial prophylaxis, but owing to the sample size, it 
has not provided the definitive answer which. we have been 
looking for. 


Dr. HiRAM C. Pork, Jr. (Louisville, Kentucky): I think this is 
an important paper, and I would disagree with Dr. Szilagyi, in 
that I really believe this is as careful a clinical study as can be 
done in this area. 

It represents and supports the idea of common practice, good 
laboratory data and even common sense. The authors did one 
other thing that is very important znd is often overlooked in 
studies such as this. Despite common misunderstandings, there are 
only two. drugs cefazolin and cephalcridine that have studies in 
other operations such as, gastrointestinal tract operations, have 
shown to be effective in randomized trials. There's a great idea 
that cephalothin, or Keflin®, is equa ly effective; unfortunately, 
there's a sad lack of data to support tkat. 

What's important is that the investigators here chose one of 
the known effective, proven drugs, I believe, which Dr. Stone 
shared with this group about two yea-s ago (Ann. Surg. 184:443, 
1976) so that it is a valid trial. They have an effective drug. Their 
conclusions are valid. 

I always find that in retrospect people question infection rates in 
control groups when they seem somewhat higher than we like to 
remember as our own rate. In general, when we have looked at this 


objectively on our service, the infection rate has been of the magni- 


tude that has been described by the authors here today. 

In reading the- abstract, I had one reservation about this paper, 
and that was whether the decision to include a two-arm trial, that 
is, to look at both skin prep and systemic antibiotics, might not 
conceivably weaken the understanding of the paper. I believe Dr. 
Mulherin's next-to-last slide confirmed that this really isn't a prob- 


ANTIBIOTIC PROPHYLAXIS 


289 


lem, that the difference is not due to a nonrandom distributicn 
of skin prep, and it really is an effectiveness for the drugs in question. 

I would like to see the statistical documentation on this, but I 
believe this is a valid concept and, pending studies to the contrary, 
ought to be practiced by most of us most of the time. 


Dr. W. ANDREW DALE (Closing discussion): We would like io 
thank our collaborating pharmacist, Dr. Al Roach, for his tireless . 
efforts in providing the solutions, as well as maintaining records. 

The other nonsurgeon, and chief author, Dr. Allen Kaiser, moni- 
tored us throughout the study by preserving objectivity at all times. 

Dr. Barker, thank you for Eastcott data. The graft infections 
which you mentioned were included in the total. 

Dr. Condon, we can't present absolute figures on our prestudy 
infection rate, and so are unable to compare them. The rate in the 
abdominal wounds was 4.9%, as the paper will show. 

Dr. Polk, we recognize your expertise and long experience in this 
field. The high infection rate associated in the subset of skin 
prep was recognized during the course of the study. It was not 
planned at the origin. 

We appreciate Dr. Szilagyi's critique. As usual, it is authorita- 
tive, because of his long interest in the field, and we continue to 
benefit from his well-conceived ideas. | 

Only four grafts were infected; the graft infection rate was 0.9%, 
and not 4%. We believe the overall rate of infection of 3.9% is 
good, and that the graft infection rate of 0.9% is better, and 
especially note that no graft in a patient treated with cefazolin 
became infected. 

We agree with Dr. Szilagyi on one very significant point, that 
tissue handling and technique is of utmost importance. Anti- 
biotics are not a substitute, for good technique. 

Several years ago, a knowledgeable vascular surgeon remarked 
that controlled studies such as this could not, and should not, be 
done, thereby implying not only that the issue of antibiotic proply- 
laxis was settled, but also that patients would not knowingly agree 
nor should surgeon-investigators attempt such an objective study. 
It is an example of what may be termed the ‘‘ Arrowsmith Dilemma.” 

You will recall that Sinclair Lewis in his 1926 medical novel, 
entitled Arrowsmith, presented the conflict between science and 
humanitarianism in terms of whether a supposedly effective vaccine 
should be used for everyone during a developing epidemic, or 
whether a controlled study should be done to discover the facts. 

The dilemma was solved in our study by fully informing each pa- 
tient and then performing the scientific study. The refusal of 
participation by only two patients indicates that patients today 
understand the need for such research and will cooperate if informed. 
We are encouraged to turn from empiricism to controlled-study 
research in other areas as well. 


Surgical Management of Cushing’s Syndrome with 
Emphasis on Adrenal Autotransplantation 


JAMES D. HARDY, M.D. 


Cushing’s syndrome may be caused by pituitary ACTH, 
ectopically produced ACTH, adrenocortical tumor or medica- 
tion. Cushing’s disease, due to excessive pituitary ACTH 
resulting in adrenocortical hyperplasia, remains a complex 
endocrine disorder for which no single treatment is wholly 
satisfactory. Twenty-two patients with surgically treated Cush- 
ing’s syndrome are presented: Four with benign adrenocorti- 
cal adenoma, two with adrenocortical carcinoma and 16 
with adrenocortical hyperplasia. The four benign adenomas 


were excised, with the one death due to respiratory failure ` 


and sepsis. Both patients with carcinoma and liver metastases 
died of their tumors. Of the 16 patients with adrenocortical 
hyperplasia and Cushing’s disease, eight underwent subtotal 
adrenalectomy and thereafter eight had total intra-abdominal 
adrenalectomy with autotransplantation of adrenal tissue to 
the thigh. There was one operative death. Total adrenalectomy 
has now replaced subtotal resection in most clinics. All 
eight of the patients who had adrenal autotransplantation 
exhibited biopsy or functional evidence of some degree of 
graft survival. One patient stopped steroid replacement per- 
manently and another developed recurrent Cushing’s syn- 
drome from the grafts. Of a total of 26 reported patients 
with adrenal autotransplants surveyed, 22 exhibited evidence 
of graft survival, 16 were able to discontinue steroid re- 
placement therapy and three eventually developed recurrent 
Cushing’s syndrome from the transplants. There is now 
strong evidence that most patients with Cushing’s disease 
harbor a pituitary basophil adenoma, and in the future the 
initial surgical attack may be directed to the pituitary rather 
than to the adrenals. 


USHING’S SYNDROME was first described over 45 
C years ago.9 It occurs not only in man but also in 
other mammalian species. The physical findings which 
reflect the extensive metabolic disturbances may range 
from minimal change to spectacular clinical trans- 
formation. Yet despite the fact that this condition has 
been studied for decades, the basic hormonal rela- 
tionships continue to unfold. For whereas the altered 
clinical picture in Cushing’s syndrome is due specifi- 
cally to the secretion of excess cortisol by the adrenal 
cortex (Fig. 1), the subtleties of hypothalamic stimula- 
tion of ACTH release in Cushing’s disease, effected 
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by the corticotrophin (ACTH) releasing factor (CRF), 
are complex. In fact, there is an increasing body of 
opinion that the higher centers, and specifically the 
cerebral cortex, may play a major role in the patho- 
genesis of pituitary dependent Cushing’s syndrome. 
The definition of many of these relationships must 
await the isolation and quantitative measurement of 
CRF, but it appears possible that excessive release 
of CRF by the hypothalamus" can produce pituitary 
hyperplasia and nodularity. Furthermore, the fact that 
some patients with Cushing’s disease exhibit continued . 
psychiatric disturbances long after ‘‘eucortisolism’’ | 
has been achieved by adrenalectomy is of interest in 
this connection. Also, persistent abnormal pituitary- 
adrenal relationships may be demonstrated many years 
after the clinical evidence of Cushing’s syndrome has 
been abolished by adrenalectomy.!®:!*?9 Spontaneous 
remission is rare.” l 
Even so, the results of treatment of pituitary de- 
pendent adrenocortical hyperplasia producing Cush- 
ing’s syndrome are reasonably satisfactory, though 
some patients fail to achieve optimal permanent 
rehabilitation. Untreated patients with Cushing’s dis- 
ease are reported to have a longevity which ranges 
from about three to ten years. The results of removal 
of a benign functioning adrenocortical adenoma pro- 
ducing Cushing’s syndrome are usually good unless 
irreversible physical and metabolic changes have al- 
ready progressed too far. The treatment of adreno- 
cortical malignancy or of extrapituitary malignant 
tumor producing ACTH is commonly noncurative. 
The purpose of this communication is to present a 
consecutive series of 22 patients of whom 16 had 
bilateral adrenocortical hyperplasia (13 females), four 
benign cortical adenoma (all females) and two cortical 
carcinoma (both males). While there were some 
spectacular examples, patients with ectopic ACTH- 
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secreting tumors were not included in this survey. 
Eight patients who underwent bilateral total intra- 
abdominal adrenalectomy had adrenal tissue trans- 
planted to the thigh and the results achieved will be 
emphasized. Special pathology met included recurrent 
Cushing's syndrome due to excessive growth and 
function of adrenal slices transplanted to the thigh, 
pseudotumor cerebri, multiple endocrine adenomatosis 
(MEA), and Nelson's syndrome with chromophobe 
pituitary tumor and acute onset blindness 15 years 
following adrenalectomy. This series extended from 
1955 to 1976. 


Clinical Material 


The 22 surgically treated patents are presented in 
Table 1. Four benign cortical adenomas, all in females, 
were removed. One patient, who had profound meta- 
bolic changes, died from postoperative respiratory 
insufficiency and sepsis. The other three patients were 
cured. The two adrenocortical carcinomas were in 
men, and in both instances Lver metastases were 
already present, preventing cure. With these comments 
regarding the tumors met in our patients, we shall here- 
inafter devote the emphasis to the patients who had 
Cushing’s syndrome due to excessive pituitary release 
of ACTH causing adrenocortical hyperplasia (Cush- 
ing’s disease), and especially a group of eight patients 
who underwent adrenocortical autotransplantation to 
the sartorius muscle following total intra-abdominal 
adrenalectomy for adrenocortical hyperplasia. 


Diagnostic Procedures 


The diagnostic modalities employed included the his- 
tory and physical examination, routine plasma chem- 
istry measurements, plasma and urinary 17-hydroxy- 
corticosteroid (17-OHCS) levels before and after dexa- 
methasone suppression, *??! and plasma ACTH levels. 
Urinary 17-ketosteroids were also measured. The ab- 
sence of a normal diurnal variation in the plasma cor- 
tisol level was considered highly suggestive of Cush- 
ing's syndrome.!^*' A normal or low plasma ACTH 
level in the presence of elevated plasma and urinary 
cortisol levels suggested a functioning tumor of the 
adrenal cortex, and failure of suppression of plasma 
and urinary 17-OHCS levels by dexamethasone sug- 
gested the presence of an adrenocortical tumor or of 
an ectopic ACTH secreting tumor such as oat cell car- 
cinoma of the lung. Failure to suppress an elevated 
plasma ACTH level with dexamethasone 2.0 mg q. 
six hours for 48 hours was considered to suggest the 
presence of an extrapituitary ACTH secreting tumor 
and appropriate investigations were instituted. In some 
patients metyrapone was used to test pituitary activity, 
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HYPERCORTISOLISM 
Cushing's Syndrome 





BASOPHIL ADENOMA 
( Cushings Disease) 


Adrenocortical 
Tumo 





Fic. 1. Naturally occurring Cushing's syndrome may be produced 
by pituitary secretion of excessive amounts of ACTH (Cushing's 
disease), by an ectopic ACTH-producing tumor such as oat cell 
carcinoma of the lung, or by functioning adrenocortical tumor. In- 
creasingly, it appears that most patients with Cushing's disease har- 
bor a basophil adenoma of the pituitary gland. 


in distinguishing between pituitary-dependent Cush- 
ing's disease and autonomous adrenocortical tumor. In 
general, little difficulty was met in establishing the pres- 
ence of hypercortisolism and Cushing's syndrome, 
whether due to pituitary ACTH, extrapituitary ACTH, or 
autonomous adrenocortical tumor with resulting sup- 
pression of pituitary ACTH. 

Radiological studies included routine adrenal and pi- 
tuitary plain films and tomograms, sonography, and 
flush and selective arteriograms. Adrenal venograms?? 
plus renal vein and caval blood sampling were carried 
out in the occasional patient but not routinely. Insut- 
flation of carbon dioxide into the retroperitoneal space 
was not used in this series. 


Results of Surgical Treatment of Cushing's Disease 


Sixteen patients underwent adrenalectomy for Cush- 
ing's disease, a state of hypercortisolism caused by 
adrenocortical hyperplasia. Without exception, adre- 
nalectomy was carried out using an upper abdominal 
transverse incision, with elevation of the pancreas on 
the left side and with downward retraction of the duc- 
denum on the right side. 

Hospital deaths. There were two in-hospital deaths. 
One patient died early in the series when the surgeon 
avulsed the right central adrenal vein from the inferior 
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10. 


11. 


12. 


13; 


14. 


Patient 


. MN. 


. E.O. 


. B.M. 


24. . 


. D.W. 


RC. 


B.M.P. 


. S.G. 


= P.D. 


L.J. 


M. He. 


M.Ha. 


S.S. 


S.F. 


Age & 
Sex 


23 F 


36 F 


35 F 


48 F 


38 F 


16 F 


32F 


Major Presenting 
Features 


HARDY 


Pathology 


Operation & Date 


Adrenocortical Hyperplasia -Subtotal Adrenalectomy 


Moon face, hirsut- 
ism, obesity, weak- 
ness 


Obesity, voice weak- 
ness, hypokalemia 


Hirsutism, obesity, 
weakness 


Weakness, hirsutism, 
striae 


Moon face, striae, 
hirsutism, voice 
change, amenor- 
rhea 


Obesity, ecchymo- 
ses, malaise 


Hypertension, weak- 
ness, obesity, moon 
face 


Ecchymoses, obesity 


Bilateral adrenocor- 
tical hyperplasia 


Bilateral adrenocor- 
tical hyperplasia 


Bilateral adrenocor- 
tical hyperplasia 


Bilateral adrenocor- 
tical hyperplasia 


Bilateral adrenocor- 
tical hyperplasia 


Bilateral adrenocor- 
tical hyperplasia 


Bilateral adrenocor- 


tical hyperplasia 


Bilateral adrenocor- 
tical hyperplasia 


Bilateral subtotal adre- 
nalectomy, 1955 


Subtotal adrenalectomy, 
1959 


Subtotal adrenalectomy, 
1961 
Hypophysectomy, 1976 


Subtotal adrenalectomy, 
1962 


Subtotal adrenalectomy, 
1962 


Subtotal adrenalectomy, 
1962 


Right adrenalectomy in 
California, 1970. 
Left adrenalectomy, 1971 


Total adrenalectomy, 
1966 


Total Adrenalectomy —Adrenal Autotransplantation 


Easy bruisability, 
moon face, hyper- 
tension, weakness 


Hirsutism, obesity, 
amenorrhea 


Hirsutism, obesity, 
ecchymoses, weak- 
ness 


Hirsutism, striae, obe- 
sity, pigmentation, 
amenorrhea 


Hirsutism, obesity, 
diabetes, hyperten- 
sion 


Obesity, weakness, 
depression, easy 
bruisability 


Obesity, striae, weak- 
ness, hypertension 


Bilateral adrenocor- 
tical hyperplasia 


Adrenocortical hy- 
perplasia 


Adrenocortical hy- 
perplasia 


Adrenocortical hy- 
perplasia 


Adrenocortical hy- 
perplasia 


Adrenocortical hy- 
perplasia 


Adrenocortical hy- 
perplasia 


Total adrenalectomy 
Adrenal autotransplan- 
tation, 1962 


Total adrenalectomy with 
adrenal autotransplan- 
tation, 1963 


Total adrenalectomy with 
adrenal autotransplan- 
tation, 1963 


'Total adrenalectomy with 
adrenal autotransplan- 
tation, 1963 


Total adrenalectomy with 
adrenal autotransplan- 
tation, 1968 


Total adrenalectomy with 
adrenal autotransplan- 
tation, 1970 


Total adrenalectomy with 
adrenal autotransplan- 
tation, 1975 


Length of 
Follow-up 
(Yrs.) 


24 hrs. 


3 months 


12 


13 


12 


13 
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TABLE 1. Twenty-two Patients with Cushing's Syndrome (Cumulative Data) 


Comment 
Lost to follow-up. 


Recurrent Cushing's. 
Completion adrenalectomy 
1962. Now well. 


Had pituitary irradiation be- 

fore adrenalectomy. 
Nelson's syndrome, 1976. 
Now well. 


Pituitary irradiation before 
adrenalectomy. 

Died postoperative hemor- 
rhage. 


Now well but some depres- 
sion. 


Died at home. 
No autopsy. (M.I.?) 


Recurrent Cushing's after 
unilateral adrenalectomy. 
Lost to follow-up at present. 


Now well, on cortisone 
acetate. 


Now well. Low dose corti- 
sone replacement. l 
Biopsy transplant positive. 


Now well. Low dose corti- — 


sone replacement. 
Biopsy transplant, minimal 
survival. 


Stable endocrine replace- 
ment. Vasculitis. 

Biopsy, minimal survival 
transplant. 


Stopped all steroid replace- 
ment. Normal 17-OHCS 
values. Died abruptly (see 
text). 

Good transplant survival. 


Stopped replacement for 2 
months. Now on 5 mg 
cortisone per day. Is well. 
No transplant biopsy yet. 


Recurrent Cushing’s syn- 
drome from transplants 
(1977). Excised with re- 
gression. 


Now well. Transplant bi- 
opsy positive. Low dose 
steroid therapy. 
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TABLE 1. (Continued) 
Length of 
Age & Major Preserting Follow-up 
Patient Sex Features Pathology Operation & Date (Yrs.) Comment 

16. J.S. 27 M Weakness, hyperten- Adrenocortical hy- Totaladrenalectomy with 2 Well on steroid replacement 

sion perplasia adrenal autotransplan- therapy. Transplant bi- 
tation, 1976 Opsy positive. 
Adrenocortical Adenoma —Excised 

17. L.H. 29 F Striae, obesity. de- Right cortical ade- Excisionadenoma,1962 2 Cushing's syndrome cured. 
pression, weak- noma Progressive renal failure. 
ness, high blood Died in 1964 of uremia. 
pressure Left adrenal did not recover. 

Emotional disturbance. 

18. M.H. 8F Obesity. polyuriz, hir- Right cortical ade- ^ Excisionadenoma, 1964 14 Cushing's syndrome cured. 
sutism, acne noma Emotional problems. 

19. J.P. 31 F Obesity, hirsutism, Right cortical ade- Excisionadenoma, 1965 13 Mild emotional problems. 
amenorrhea, de- noma Otherwise well. No ster- 
pression, acne oid therapy. 

20. P.S. 42 F Profound Cushing’s Right cortical ade- Adrenalectomy 3 weeks Died. Respiratory failure 
syndrome noma and sepsis. 

Adrenocortical Carcinoma —Incompletely Excised 

21. J.H. 58M Obesity, weakness, Huge right adrenal Liver biopsy, 1956 | month Died of carcinoma. 
osteoporosis, de- carcinoma with 
pression liver metastases 

22. R.W. 31 M Mild Cushing's syn- Hugeleftadrenalcar- Resection 1700 g left ad- 9 months Died of carcinoma. 
drome cinoma with liver renal mass DDD no help. 

Hypercortisolism metastases 


vena cava, lost a great deal of blood, and the patient 
developed anuria and metabolic acidosis postopera- 
tively with ultimate death. The other fatality occurred 
three weeks after operation in a wcman with profound 
Cushing's disease of years standing due to a right ad- 
renal adenoma. She developed postoperative respira- 
tory insufficiency secondary in part to severe muscle 
wasting and debility, aggravated by pulmonary and in- 
tra-abdominal sepsis. The use ofthe posterior operative 
approach in this patient might have diminished the early 
postoperative respiratory insufficiency and might also 
have avoided the intra-abdominal infection which con- 
tributed to her death. 

Of the remaining 14 such patients, one (R.C.) died 
unexpectedly at home in a distant town several months 
after operation and autopsy was not performed. An- 
other patient (M.Ha.) died quite abruptly at home 12 
years following adrenalectomv, and no special autopsy 
findings were reported by the coroner to explain the 
sudden death, though she was taking a tranquilizer 
medication known to cause cardiac arrhythmia in rare 
instances. The other 12 patients remain alive, though 
several have some degree of psychiatric disturbance 
and four increased pigmentation. One patient (B.M.) 
developed a large chromophobe adenoma of the pitui- 


tary (Nelson's syndrome, Fig. 2) with acute onset blind- 
ness 15 years after subtotal adrenalectomy; hypophy- 
sectomy permitted substantial visual recovery. 

Subtotal adrenalectomy for adrenocortical hyper- 
plasia. In the first eight patients with adrenocortical 
hyperplasia a subtotal adrenalectomy was performed, 
usually all the right adrenal being removed and leav- 
ing only a nubbin of the left adrenal drained by the 
left central adrenal vein. One patient is dead (R.C.), 
one developed recurrent Cushing's syndrome and un- 
derwent completion total adrenalectomy, one ulti- 
mately developed Nelson's syndrome (B.M.), one is 
well (P.D.), one patient had the operative death (J. G.), 
and three patients are well but have psychiatric 
problems. 

Total adrenalectomy. Beginning in 1962, we began 
performing total intra-abdominal adrenalectomy in 
Cushing's disease, with autotransplantation of adrenal 
tissue into the thigh.?^* In our opinion, subtotal adre- 
nalectomy should probably be abandoned. 

Other modalities. Pituitary irradiation was employed 
as initial treatment in three patients in whom adrenal- 
ectomy was ultimately required. However, pituitary 
irradiation was employed uncommonly in our series. 
The only patient in our series who received DDD ther- 
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Fic. 2. Nelson's syndrome. This syndrome, long recognized, con- 
sists of the development of a chromophobe adenoma of the pituitary 
following adrenalectomy, often associated with increased skin pig- 
mentation and optic nerve compression causing visual field defects. 


apy was one who had liver metastases from a left ad- 
renocortical carcinoma, and he died without improve- 
ment. Aminoglutethimide, a drug which blocks the pro- 
duction of cortisol, was quite useful in a patient with 
an incurable ACTH producing oat cell carcinoma of 
the lung. A severe Cushing’s syndrome was reversed. 


Adrenal Autotransplantation 
Background 


On October 26, 1962, patient P.D. (Table 1) under- 
went bilateral intra-abdominal adrenalectomy, and the 
left adrenal gland was transplanted to the right thigh 
with the gland's central vein being anastomosed to the 
distal end of the divided saphenous vein (Fig. 3). This 
procedure had been suggested by the need to reoperate 
on patient E.O. that same day, for recurrent Cushing's 
disease derived from a nubbin of left adrenal remain- 
ing attached by its central vein to the left renal vein. 
The fact that the central vein was still patent in E.O., 
and the fact that the nubbin had ''flopped down” be- 
low or caudad to the renal vein and had achieved a 
parasitic arterial blood supply in this position — these 
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findings suggested that transplantation to the thigh 
might preserve some degree of endogenous adrenocor- 
tical activity while avoiding the need for another lapa- 
rotomy if Cushing's disease should recur: the trans- ` 
plant could simply be "'pruned" under local an- 
esthesia. Thus it was hoped that the transplant 
might a) provide sufficient adrenocortical func- 
tion to avoid the necessity for life-long replacement 
therapy; b) diminish the likelihood or the degree of 
excessive skin pigmentation which occurs after adre- 
nalectomy in some patients,’ perhaps due to excessive 
MSH release; and c) reduce the possibility of the de- 
velopment of a chromophobe adenoma^ of the pitui- 
tary ("*Nelson's syndrome") with subsequent optic 
nerve compression (Fig. 2) and blindness (see patient 
B.M.). 

After this original patient, seven additional patients 
were studied following adrenal autotranplantation to 
the thigh (Table 2), all operations being performed or 
supervised by the writer. 


Technique of Adrenal Autotransplantation 


In Figure 3 are shown the progressive modifications 
which our technique has undergone. As mentioned, 
the first autotransplant was to the saphenous vein, al- 
lowing the gland to lie at the level of the fossa ovalis. 
This transplant survived,?* the anastomosis to the sa- 
phenous vein remained patent, and function was 
achieved (Table 2, Fig. 4). Thus this appeared to repre- 
sent a satisfactory technique. However, in the next 
patient (L.J.) the vein was found at biopsy to be throm- 
bosed, and it was clear that the fatty bed had afforded 
only marginal parasitic blood supply, with minimal but 
definite transplant survival. Therefore, it was decided . 
to continue to take advantage of possible long term 





Fic. 3. Evolution of adrenal autotransplantation technique (see text). 
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TABLE 2. Totai Adrenalectomy with Adrenal Autotransplantation (Author's Eight Patients) 
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Patient Site & Date Biopsy for Adreno- 
Age/Sex Transplant Technique of Transplantation Function cortical Tissue* 
P.D. 48 F Right thigh Half one gland. Anastomosis to Yes. ACTH response Viable tissue. 
1962 saphenous vein. positive. 
L.J. 18 F Right thigh Half one gland. Anastomosis to Limited. Some viable tissue. 
1963 saphenous vein. 
M.He. 38 F Sartorius muscle Whole gland. Anastomosis to Limited. Limited number vi- 
1963 one saphenous vein. Implanted able cells. 
in sartorius muscle. Multiple 
longitudinal incisions in gland. 
M.Ha. 16 F Sartorius muscle Six gram mass implanted into Excellent. Steroid ther- Excellent adreno- 
1963 sartorius muscle. Multiple in- apy stopped per- cortical survival. 
cisions in gland. manently in 1972. 
S.S. 44 F Sartorius muscle Slices of one third each gland in- Definite. Off Rx 2 Transplants not vet 
1968 serted into ipsilateral sartorius months. biopsied. 
muscle. 
S.F. 32 F Sartorius muscle Slices of one half each adrenal Excellent. Recurrent Transplant slices be- 
1970 implanted sartorius muscle. Cushing’s disease came “adenomas”. 
in 1977, 
V.D. 16 M Sartorius muscle Small slices of one adrenal im- Definite but steroid Viable tissue. 
1975 planted sartorius muscle. Rx continued. 
J.S. 27 M Sartorius muscle Small slices of one adrenal gland Definite. Off steroid Viable tissue. 


1976 


implanted sartorius muscle. 


replacement one 
month. 


* Usually, questionable adrenocortical cells found in scar tissue were further identified with electron microscopy. 


patency of the venous anastomosis, but to place the 
gland in the adjacent sartorius muscle. Yet later on, 
in patient M.H., it was found a: the time of transplant 
biopsy that the adrenal mass had survived well, de- 
spite the fact that a venous anastomosis had not been 
employed. Therefore, in subsequent patients the ad- 
renal gland was simply hand-sliced and the multiple 
slices were inserted into pockets prepared in the sar- 
torius muscle. The site of each insertion was marked 
with a black silk suture cut long for ready visualiza- 
tion at the time of subsequent biopsy. The basic tech- 
nique has not since been alterec, though progressively 
thinner slices have been used. It is advisable to mark 
the site of each implant with a silver clip, in case re- 
current Cushing's syndrome develops and the implants 
have to be excised. 


Results of Adrenal Autotransplantation 


The degree of transplant survival and the functional 
activity achieved in the eight patients who underwent 
adrenal autotransplantation (Table 2) ranged from mini- 
mal survival and minimal activity tc recurrent Cush- 
ing's syndrome due to marked enlargement of virtually 
all the adrenal slices implanted into the sartorius mus- 
cle in patient S.F. (Fig. 5). However, at least some 
adrenocortical cells survived in all seven patients biop- 
sied thus far. The transplant in the eighth patient has 


not yet been biopsied, but she stopped all steroid re- 
placement therapy for two months, before hyponatre- 
mia required reinstitution of the 5 mg of cortisone per 
day. Since there was such a wide variation in the re- 
sults achieved in the eight subjects, each patient will 
be presented briefly. 


Case Reports 


Case 1. Patient P.D., 48-year-old white woman. The patient under- 
went bilateral total intra-abdominal adrenalectomy on October 26. 
1962 for Cushing's disease, a particular feature of which was easy 
bruisability and very slow healing of minor injuries leaving unsightly 
scars over a period of almost ten years. ACTH stimulation caused 
the urinary excretion of 17-OHCS to rise from a resting value of 8 
pg% to 400 ug% the first day and 1,000 ug the second day, a truly 
remarkable reactivity. Initial pituitary irradiation failed to control 
the disease satisfactorily. At operation a nubbin of the left adrenal 
surrounding the left central adrenal vein was transplanted and anas- 
tomosed to the distal end of the divided saphenous vein (Fig. 3). 
Several black silk sutures were used to hold the adrenal tissue 
in place to prevent torsion. 

Function of the autotransplant was assessed two months later 
in early January, 1963. An ACTH infusion produced a progressive 
rise from the resting plasma 17-OHCS level of 1.57 to 4.76 ug% 
over the course of four hours.^ Two weeks later she was taken 
off steroid replacement for three days, during which the plasma 
17-OHCS levels ranged at approximately 1 yg% (normal 7-25 ug). 
Although neither adrenocortical crisis nor significant changes in the 
plasma Na, Cl, K, CO, combining power, or fasting blood sugar 
or BUN levels occurred, it was clear that the function of the ad- 
renal transplant was not sufficient to permit the patient to return 





Fic. 4. Adrenal autotransplants, photomicrographs (see Table 1, 
patients 9 through 16 and Table 2). A. Microscopic appearance of 
excised adrenal glands for patient 14 (S. F.) who had adrenocor- 
tical hyperplasia, for comparison with the seven photomicrographs 
of adrenal autotransplants in seven patients (our eighth such patient 
has not yet been biopsied). B. Patient 9 (P. D.). The transplanted 
and biopsied tissue exhibited the normal yellowish adrenal color. 
C. Patient 10 (L. J.). Limited but definite transplant survival. D. Pa- 
tient 11 (M. He.). Limited but definite survival of adrenocortical 
cells. E. Patient 12 (M. Ha.). Excellent transplant survival. Even- 
tual stopped all steroid replacement therapy. F. Patient 13 
(J. S.), definite transplant survival, with no steroid dosage for one 
month. G. Patient 15 (V. D.). Definite but limited transplant sur- 
vival. H. Patient 14 (S. F.). Recurrent Cushing's syndrome, trans- 
plants excised with reversal (see also Fig. 5, from one of which 
‘‘adenomas”’ this photomicrograph was made). 


to her distant home without steroid replacement therapy, and such 
treatment was resumed. 

Biopsy of the transplant on January 2, 1963 under local anesthesia 
disclosed that the adrenal tissue was grossly viable and the saphenous 
vein anastomosis still patent. The microscopic report stated ‘‘sub- 
capsular portion of adrenal appears viable while central portion is 
necrotic. No medullary tissue present.” As seen in Figure 4, adreno- 
cortical tissue was readily recognizable. 

Her subsequent course has been satisfactory on low dose replace- 
ment therapy. She has not been restudied in recent years for re- 
assessment of function of the transplant. She underwent resection 
of an abdominal aortic aneurysm in another city in 1977, but other- 
wise she has been in good health and good spirits as found on re- 
cent interview. 


Comment 


This, our initial adrenal autotransplant, was consid- 
ered to have been sufficiently successful to justify fur- 
ther exploration of the procedure. Meanwhile, we had 
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found two reports of adrenocortical autotransplanta- 
tion in the foreign literature. 575 


Case 2. Patient L.J., 18-year-old white woman. On January 19, 
1963 this girl underwent total intra-abdominal adrenalectomy with 
transplantation of the entire left adrenal to the sartorius muscle, 
using the saphenous vein anastomosis (Fig. 3). The usual timed 
adrenal vein blood samples were drawn for comparison with those 
from the antecubital vein, prior to ligation and division of the central 
adrenal vein. 

Function of the transplant two months later appeared minimal 
and she was unable to remain entirely off replacement therapy. 

Biopsy performed under local anesthesia on March 15, 1963 re- 
vealed that the gland had retained its usual shape and color, and 
it bled on incision for biopsy. The central vein and saphenous vein 
were thrombosed. The microscopy disclosed adrenal tissue showing 
coagulative necrosis and connective tissue. However, viable adreno- 
cortical cells were present (Fig. 4). 

Her subsequent course has not been remarkable from a purely 
endocrine standpoint but, possibly related to the Cushing's disease 
spectrum, she has continued to have considerable emotional imbal- 
ance without frank psychosis. 


Comment 


The transplanted gland lay in fat and the venous 
drainage was thrombosed. It was concluded that pa- 
tency of the venous anastomosis was not essential for 
at least partial survival of the transplant and that, since 
fat probably afforded little opportunity for the prompt 
development of a parasitic blood supply, an intramus- 
cular position might be preferable. 


Case 3. Patient M.Ha., 16-year-old white girl. (Cushing's Disease, 
Pseudotumor Cerebri, Hyperparathyroidism, and Large Gastric Ul- 
cer). This remarkable patient was first admitted to University Hos- 
pital for acute onset of florid Cushing's disease with truly grotesque 
physical changes. She presently developed pseudotumor cerebri 
while under. diagnostic study, with severely increased intracranial 
pressure and coma,” and required tracheostomy with mechanical 
ventilatory assistance for several days. Following recovery from 
the pseudotumor cerebri, she underwent on June 4, 1963 an un- 
eventful intra-abdominal adrenalectomy with transplantation of a 
several gram portion of each adrenal to the sartorius muscle of the 
corresponding thigh. Both of her saphenous veins were thrombosed, 
due to venipunctures during her comatose period. The adrenal gland 
transplants were incised longitudinally at multiple sites, hopefully 
to permit better ingress of nutritious fluids and new blood vessels. 

Function did not appear significant when assessed at four months. 
However, later on she took her replacement therapy rather irregu- 
larly and by 1972, nine years after transplantation, she had stopped 
her replacement therapy campletely, on her own initiative. On July 
21, 1972, the plasma 17-OHCS level was low, being 3.1 we%, but 
on March 5, 1975 the plasma 17-OHCS level was 19.5 ug% (normal, 
7—25 pg%). 

Biopsy was performed on October 14, 1963, using the same anes- 
thesia employed to perform cystogastrostomy to drain a large pan- 
creatic pseudocyst. The transplant in each thigh exhibited the vivid 
yellow color of adrenal tissue and thus appeared viable. Microscopy 
revealed "adrenal tissue with focal areas of necrosis but approxi- 
mately two-thirds appears viable” (Fig. 4). 

Her subsequent course was complicated by hyperparathyroidism 
caused by hyperplastic enlargement of all four glands. At operation 
on October 12, 1972, all of three glands and part of the fourth were 
removed, returning the serum calcium level to normal. 

In May, 1974 the patient was found to have a large antral ulcer, 
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with normal serum gastrin and gastric acid levels. When no improve- 
ment was achieved in three months on a medical regimen, bilateral 
truncal vagotomy and distal subtotal Billroth I gastrectomy was per- 
~ formed on August 13, 1974. 

Following this she continued in tenuous emotional balance, with 
occasional minor seizures but otherwise in usual health. Unfortu- 
nately, in 1975 at age 28 she, abruptly, died at home. Her husband 
said she had been quite normal that evening and that death came 
without warning. The coroner concluded that sudden cardiac ar- 
rhythmia was the probable cause of death, possibly due to a tran- 
quilizing drug known to produce cardiac arrhythmia in rare instances. 


Comment 


This patient represented an unusual instance of 
Cushing's disease and later hyperparathyroidism due to 
hyperplasia. The etiology of her large gastric ulcer was 
not determined. The rapid onset of Cushing's syn- 
drome, followed by pseudotumor cerebri and coma 
with apnea, left her with mental znd emotional changes 
which she exhibited in varying degrees for the rest of 
her life. However, she came originally from a broken 
home and a severe emotional environment, which en- 
couraged speculation regarding the role of psychic 
stress in the development of Cushing's disease.'9 — 

It should be noted that the adrenal implants in the 
thighs gradually increased their functional activity over 
the course of the 12 years she was followed. It will 
be seen below that a patient whc developed recurrent 
Cushing's syndrome from the adrenal autotransplants 
did so not until seven years after the transplantation. 


Case 4. M.He., 38-year-old white woman. This patient was origin- 
ally studied for hirsutism, obesity and multiple chronic and recurring 
staphylococcal infections, especially involving the glands of the axil- 
lae. It was established that she had Cusking’s disease, most likely 


... caused by adrenocortical hyperplasia. A1 total intra-abdominal ad- 


renalectomy on September 7, 1963, apprcximately one-half of each 
adrenal gland was incised longitudinally at several sites and trans- 
planted into a pocket in the sartorius muscle on the corresponding 
side. Early replacement therapy includec hydrocortisone and cor- 
tisone, plus injections of ACTH gel as used in all these patients 
for maximum stimulation of the transplants. 

Function was judged to be very low when assessed three months 
posttransplantation, and the patient was rot able to discontinue re- 
placement therapy. 

Biopsy performed on December 29, 19€3 revealed grossly viable 
yellowish adrenal tissue. However, both transplants had retracted 
almost out of the muscle and lay largely in fat. The microscopic 
picture was one of extensive necrosis ard scar tissue formation, 
but with definitely viable adrenal tissue (Fig. 4). 

Her subsequent course is not fully available, in that she moved 
away to a distant city. However, in 1976 we received a copy of a 
discharge letter following her treatment in the University of Iowa 
Hospital. At that time she appeared to have a vasculitis and was 
taking cortisone and Florinef. Clearly, she has continued to have 
various problems since her adrenalectomy for Cushing's disease. 


~ Comment 


This patient achieved partial though very limited sur- 
vival of the transplants. Inasmuch as we have seen that 
years may be required for the transplants to achieve 
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strong functional activity, the ultimate outcome of the 
transplants is not known at this time. 


Case 5. S.S., 44-year-old white woman. On January 2, 1968 this 
patient underwent bilateral intra-abdominal adrenalectomy with 
transplantation of one-third to one-half of each gland to the cor- 
responding sartorius muscle, using multiple hand slices inserted 
into prepared pockets which were closed with black sutures, left 
long for ready identification at the time of biopsy. 

Function was evaluated at six months, at which time the plasma 
17-OHCS level was found ''not measurable." 

Biopsy was not done. The endocrinologist had decided, unilat- 
erally, that the function was so low that biopsy was not indicated, 
though the patient had been admitted to the clinical research center for 
this specific purpose. Had this writer been aware of the admission, 
he would have been able to assure the endocrinologist that biopsy, 
under local anesthesia as usual, was indicated, since viable adrenal 
tissue had thus far been found in all patients despite very low func- 
tion in some. Unquestionably, viable tissue was present, as dem- 
onstrated by late progress as described below. 

: Her subsequent course was uneventful but notable in that in 1974 
she was seen in follow-up clinic and judged *'probably has mild 
recurrence. Will have patient stop her cortisone and will follow. 
Perhaps later, surgery or (pituitary) irradiation." The plasma 17- 
OHCS level on April 19, 1974 was 15.8 wg at 0800 hours (recall 
that it had been too low to measure six years earlier). 

Actually, the patient did not have a recurrence at that time. Corti- 
sone was stopped but after two months on no replacement therapy 
she became weak and hyponatremic, and replacement therapy was 
restarted. Cortisone in a maintenance dose of from 5 to 10 mg/24 
hours has generally sufficed. She is well. 


Comment 


Here again, this patient achieved significant function 
of the transplant only after a period of years. We plan 
to readmit her for biopsy. 


‘Case 6. S.F., 32-year-old white woman. (Recurrent Cushing's 
Syndrome from Adrenal Autotransplantation). On July 30, 1970 this 
patient underwent total intra-abdominal adrenalectomy with trans- 
plantation of adrenal slices into the left sartorius muscle. Her post- 
operative course was uneventful. 

Function was not formally assessed until seven years later when 
she developed recurrent Cushing's syndrome. However, on July 
28, 1977 the plasma 17-OHCS level was 23 ug% (normal, 7—25) 
and the plasma ACTH level 733 pg/ml (normal 0—100). Prior to 
biopsy, a dexamethasone suppression test was performed and the 
plasma 17-OHCS level fell progressively from 24 ug% the first 
day to 1.2 ug% the third day. 

Biopsy performed on August 23, 1977 revealed hyperplasia of all 
eight adrenal implants that were found and excised. Actually, the 
implants resembled rounded adenomas of various sizes (Fig. 5) and 
had taken on a darkly pigmented color. The microscopic picture 
was reported "nodules of hyperplastic adrenocortical tissue” (Fig. 
5). The overall weight of the excised adrenal tissue was 4.23 g. 
The plasma 17-OHCS level fell to 10 ug% postoperatively, this 
level suggesting that not all the implants had been found and excised. 

Steroid analyses of the biopsy tissue revealed substantial amounts 
of cortisol and aldosterone, though the quantitation was inexact. 
Similar biochemical data were reported by others.?? 

Her subsequent course was one of prompt regression of the physi- 
cal features of the Cushing's syndrome. However, more recently 
she has again gained weight. If Cushing's syndrome recurs, general 
anesthesia will be employed and the sartorius muscle will be ex- 
cised to the extent necessary to remove all transplants. 
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Fic. 5. Marked hyperplastic enlargement of slices of adrenal tissue 
transplanted to sartorius muscle (patient 14, S. F.). These ''ade- 
nomas” had produced recurrent Cushing's syndrome, which was 
reversed by their excision (see microscopic picture, Figure 4-H). 
Such.transplant enlargement producing recurrent Cushing's syn- 
drome has also been reported by others.!:?? 


Comment 


This patient was the only one of our adrenal trans- 
plant subjects to develop recurrent Cushing's disease 
thus far, this seven years following transplantation. 
Two other such instances have been reported by 
others.!!?? Our patient underscored what we had al- 
ready found, namely, that the adrenal transplants may 
take years to achieve vigorous functional activity. She 
has developed somewhat more skin pigmentation. 

On the negative side, we clearly failed to find some 
of the hyperplastic implants, under the local anesthesia, 
and another operation may later be required. Mean- 
while, she is concerned and desires that the problem 
of Cushing’s syndrome be cured with certainty to per- 
mit orderly steroid replacement theory. Like many pa- 
tients with Cushing’s syndrome, she has always ex- 
hibited a considerable ‘‘functional overlay,’’ regardless 
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of the degree of adrenocortical activity existing at the 
time. 


Case 7. V.D., 16-year-old black man. This high school foot- 
ball player developed obesity and marked striae which led to 
the diagnosis of Cushing's disease. On June 18, 1975 a total intra- 
abdominal adrenalectomy was performed and slices of adrenal were 
inserted into prepared pockets in the right sartorius muscle. The 
postoperative course was uneventful, hydrocortisone, cortisone and 
ACTH gel being administered. 

Function at the time of biopsy was judged minimal, the plasma 
ACTH level being markedly elevated. 

Biopsy under local anesthesia on November 26, 1975 revealed 
grossly viable adrenal tissue. Light microscopy confirmed the pres- 
ence of viable adrenal tissue (Fig. 4), further supported by electron 
microscopy. However, there was also necrosis and extensive fi- 
brosis. 

His subsequent course has been satisfactory on replacement ther- 
apy. The steroid supplements have been regulated on the basis of 
the plasma ACTH and plasma 17-OHCS levels. 


Comment 


This boy has viable adrenal tissue in the multiple 
implants, and the activity ofthis tissue may be expected 
to increase in the future. 


Case 8. J.S., 27-year-old white man. Bilateral adrenalectomy for 
Cushing's disease was performed on March 3, 1976, at which time 
multiple small pieces of adrenal tissue, 0.5—1.0 cm in size, were 
inserted at multiple sites in the right sartorius muscle. On April 
19, 1976 cystogastrostomy was performed for a large pancreatic 
pseudocyst. 

Function was assessed in January, 1978. at which time the patient 
had taken no medication for one month. However. despite his ability 
to survive the month without replacement therapy. done on his own 
initiative, he appeared definitely ill when admitted for biopsy on 
January 12, 1978. At this time he exhibited a marked increase in 
skin pigmentation as compared with photographs made preopera- 
tively. The role of adrenocortical insufficiency in the development 
of his increased skin pigmentation is problematical. The sella turcica 
did not exhibit erosion and there were no visual defects. Nonethe- 
less, the possibility of a pituitary tumor is not considered to have 
been completely excluded and careful follow-up is being conducted. 

Biopsy on January 12, 1978 revealed viable adrenal tissue. Two 
of the implants were removed and microscopy revealed a "limited 
number of adrenocortical cells. Organizing fat necrosis and scar 
tissue with dystrophic calcification.” 

His subsequent course has been one of marked improvement in 
overall health, with adequate steroid replacement therapy. 


Comment 


Clearly, the adrenal transplants are functioning ap- 
proximately two years following their insertion into 
the sartorius muscle. As with the other patients, only 
time will determine the degree of function which the 
transplants will achieve. 

He was the only patient transplanted who developed 
such marked skin pigmentation, possibly due in part 
to the relative adrenocortical insufficiency. However, 
patient B.M., who had subtotal adrenalectomy with- 
out transplantation, exhibited substantial pigmentation 
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at the time she returned with acute onset blindness 
due to pituitary tumor 15 years after adrenalectomy 
(Nelson’s syndrome). Her vision improved following 


: hypophysectomy, but it is too early to know the extent 


to which the increased skin pigmentation will recede. 
Patient S.F., who developed recurrent Cushing's syn- 
drome from the autotransplants, also exhibited some 
increase in skin pigmentation, though she herself wa 
not particularly aware of it. i 


Discussion 


.The diagnosis and management of Cushing’s syn- 
drome has been characterized by multiple advances 
over the past decade. 


Diagnosis 


The detection of Cushing’s syndrome usually begins 
with the recognition of the physical findings suggestive 
of this condition, though occasicnally abnormal routine 
plasma chemistry values may lead to definitive endo- 
crine laboratory investigations. Unfortunately, the full- 
blown physical changes which almost any physician 
would recognize may appear late or never in the course 
of the disease. Therefore, it is important to recognize 
the less florid or incomplete syndromes, such as easy 
bruisability or increasing obesity with hirsutism and 
menstrual irregularities, before profound osteoporosis 
with vertebral collapse and other pathologic changes 
have occurred. Incidentally, psychiatric derangements 
were among the earliest manifestations in some of our 
patients, and these persisted in a few subjects even 
after abolition of the hypercortisolism. 

The hormonal laboratory tests provide the definitive 
data required for the diagnosis of Cushing’s syndrome. 
Once the condition has been suspected on the basis 
of physical findings, the usually elevated plasma and 
urinary 17-hydroxycorticosteroids (17-OHCS) and uri- 
nary 17-ketosteroids, the absence of the normal diurnal 
variation in the secretion of 17-OHCS, the 17-OHCS 
response to ACTH stimulation end the response of 17- 
OHCS and growth hormone secretion to induced hypo- 
glycemia'®° will further secure the diagnosis. The pa- 
tient with pituitary dependent adrenocortical hyper- 
plasia will usually exhibit a decline in plasma ACTH 
and 17-OHCS secretion when cexamethasone 2.0 mg 
per six hours is administered for two days. However, 
if the ACTH dependent hypercortisolism is due to an 
ectopic (extrapituitary) source of ACTH, as from an 
oat cell carcinoma of the lung, the administration of 
dexamethasone will have little or no effect on the 
plasma level of ACTH or the plasma and urine levels 
of 17-OHCS — this because the pituitary gland is not 
causing the hypersecretion of cortisol. Finally, if the 
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hypercortisolism is due to an autonomous adrenocor- 
tical tumor, the plasma ACTH level will usually be 
low, and the levels of 17-OHCS in the plasma and 
the urine will not decline even when dexamethasone 
is administered in large doses. However, dexametha- 
sone may produce some reduction in cortisol secre- 
tion in the occasional patient with cortical adenoma. 

Body composition studies? may be suggestive but 
are not diagnostic. The radiological studies available 
have also been extended and rendered more precise. 
This is especially true of arteriography and tomography 
of both the pituitary and the adrenals. Microadenomata 
of the pituitary are being found with impressive fre- 
quency in patients with Cushing's syndrome due to 
adenocortical hyperplasia, largely through the use of 
arteriogram magnification and subtraction as well zs 
increasingly discriminating pituitary tomography .??-54 
However, Wilson et al.*4 consider arteriography per- 
haps less indicated than transphenoidal exploration of 
the pituitary gland, especially since they believe that 
virtually all patients with Cushing’s disease harbor a 
pituitary adenoma for which the pituitary should be 
surgically explored in most instances. The adrenal 
glands can also be outlined by angiography and tomog- 
raphy, and blood samples can be obtained by catheter 
from each renal vein or even the central adrenal vein 
for steroid analyses. 


Treatment 


Adrenocortical tumors. The treatment of Cushing’s 
syndrome depends upon the specific set of circum- 
stances encountered. If the hypercortisolism is due to 
adrenocortical tumor,*4 the tumor is excised when pos- 
sible or otherwise treated by radiation and/or with the 
drug DDD which attacks the zona fasciculata (cortisol) 
and zona reticularis (androgens and estrogens) while 
preserving the zona glomerulosa (aldosterone) to a con- 
siderable degree.?3!58 If an ectopic ACTH secreting 
tumor cannot be removed or destroyed by irradiation, 
the effects of the very high levels of ACTH in increas- 
ing cortisol production may be blocked by administra- 
tion of drugs, such as aminoglutethimide which blocks 
the conversion of cholesterol to pregnenolone, reduc- 
ing the production of cortisol; thus the Cushing’s syn- 
drome may be abolished even though the plasma ACTH 
level may remain very high and the adrenals intact. 


Modalities for Management of Cushing's Syndrome 
Due to Adrenocortical Hyperplasia (Cushing’s Dis- 
ease) 


Pituitary irradiation.^?* Inasmuch as the release by 
the pituitary of excessive amounts of ACTH is the 
precipitating cause of Cushing's disease, due to adre- 
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nocortical hyperplasia, irradiation of the pituitary 
gland**° has long appeared to represent an attractive 
mode of therapy. Unfortunately, this modality is often 
unsuccessful in effecting a remission, though in ap- 
proximately one-fourth to one-half the patients the hy- 
percortisolism will be controlled. 

More recently, external irradiation’! has given way 
to internal irradiation in some centers. Whereas only 
approximately 4,000—5,000 rads have usually been 
given from external sources, up to 12,000 rads may 
be given by alpha particle irradiation.’ 

The disadvantages of irradiation include uncertain 
control of the hypercortisolism, late recurrence in some 
patients temporarily improved, interference with the 
secretion of growth hormone and normal development 
in young people, and impairment of prolactin secretion 
in young women who may want to have children. 
Therefore, pituitary irradiation is perhaps best reserved 
for older patients and in special circumstances such 
as recurrence in patients who have had subtotal ad- 
renalectomy. Pituitary irradiation has at times been 
used in conjunction with adrenalectomy to prevent the 
late development of Nelson’s syndrome, but irradia- 
tion has not always been successful in this respect 
(see patient B.M.). 

Adrenalectomy. In most medical centers a subtotal 
or now usually a total adrenalectomy currently repre- 
sents the treatment most often used for the definitive 
management of Cushing’s disease.'®*> This effectively 
abolishes the hypercortisolism permanently, provided 
no adrenal tissue ts left in the abdomen. 

The disadvantages of total adrenalectomy include 

the need for a fairly extensive operation, permanent 
. dependence on steroid replacement unless adrenal au- 
totransplantation is elected, development of excessive 
pigmentation in some patients, and late development 
of a chromophobe tumor of the pituitary which may 
impair vision and even become malignant. Moreover, 
the anterior approach to adrenalectomy may result in 
pancreatitis and/or intra-abdominal infection in the oc- 
casional patient, while the posterior approach limits 
exposure. Postoperative adrenocortical crisis is no 
longer a problem so long as adequate steroid replace- 
ment therapy is administered. 

Pituitary surgery. Since?! in Cushing's disease the pi- 
tuitary is the scurce of the excessive ACTH which 
stimulates the adrenal cortices to hypersecretion, the 
idea that initial surgical attack should be directed to 
the pituitary has logic and appeal. Cushing early de- 
scribed the pituitary basophil adenoma as the cause 
of Cushing's disease," and the suspicion has always 
persisted that many patients with Cushing's disease 
harbor a basophil adenoma.?422.42.52 

Recently, with improved methods of diagnosis and 
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surgical approach to the pituitary, it has become clear 
that basophilic microadenomas of the pituitary are in- 
deed present in many if not most patients with Cush- 
ing's disease. Salassa et al.?* at the Mayo Clinic found 
evidence of a pituitary microadenoma in 18 of 22 pa- 
tients appropriately investigated and then explored, 
over a period of three years. In 17 the tumor was found 
and excised, with abolition of the hypercortisolism in 
16. These tumors, less than 10 mm in diameter, were 
detected preoperatively by triaxial spiral tomograms 
of the sella turcica and by bilateral carotid arteriograms 
with magnification and subtraction techniques. As for 
the two patients in whom preoperative studies indi- 
cated the presence of a pituitary microadenoma but 
in whom hypercortisolism was not abolished, one pa- 
tient died later of other causes and no pituitary tumor 
was found at autopsy; a pituitary tumor was found 
and removed in the other patient but the hypercorti- 
solism persisted. Otherwise, in the 16 patients success- 
fully treated, the secretion of cortisol initially became 
subnormal immediately after removal of the microade- 
noma of the pituitary but then gradually returned to 
normal over subsequent weeks or months. Steroid re- 
placement therapy was administered as required. The 
transient hypocorticism suggested that the excessive 
ACTH from the tumor might have suppressed the rest 
of the anterior pituitary, though an effect of trauma 
to the pituitary is not excluded. There were no sig- 
nificant persisting complications of the pituitary sur- 
gery. Similarly, Wilson and Dempsey® explored 20 
of 23 patients with Cushing’s disease, also using the 
transphenoidal approach. In two patients large dural 
sinuses prevented exploration of the pituitary fossa 
and in a third the cryoprobe was simply applied to 
the anterior lobe because of such vascular structures. 
In still another patient the 1.5 mm basophilic adenoma 
was found only after total hypophysectomy and sec- 
tioning of the gland. In the remaining 16 patients, how- 
ever, a microadenoma was found and excised and the 
hypercortisolism was corrected. Normal pituitary func- 
tion was preserved in 15 of the 16 patients. The two 
patients who underwent hypophysectomy, one by the 
cryoprobe and one by surgical excision, were cured 
of Cushing's disease but at the cost of panhypopitui- 
tarism. One patient committed suicide on the evening 
before admission to the hospital and the coroner found 
a 3 mm microadenoma of the pituitary. Incidentally, 
of 250 pituitary adenomas reported by Wilson and 
Dempsey, 72 (28%) were ''nonsecreting" and 178 
(71.2%) produced a hypersecretion syndrome: human 
growth hormone in 83, prolactin in 59, and adrenocor- 
ticotrophic hormone (ACTH) in 36. The experience 
of Wilson's group with pituitary exploration in Cush- 
ing's disease has recently been updated, with even 
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greater emphasis on the usual presence of a pituitary ` 


basophil adenoma as the cause of the disease.?? 

Nelson’s syndrome. In contrast to these early suc- 
cesses with pituitary surgery fo- Cushing’s disease, the 
results of pituitary surgery in Nelson's syndrome** 4661 
have been less satisfactory. The typical chromo- 
phobe tumor in Nelson's syndrome has been large and 
often invasive,9?9" and total hypophysectomy may be 
indicated to prevent recurrence. Even when a pituitary 
tumor has been found and removed, the elevated 
plasma ACTH levels have at times either persisted 
or recurred. 

The disadvantages of selective removal of pituitary 
microadenomata would appear <o be minor, at present. 
However, first, few centers thus far possess the so- 
phisticated techniques and experience required for the 
precise diagnosis and selective excision of these small 
pituitary tumors. Secondly, it is still too early to know 
whether permanent cure of Cushing's syndrome will 
be achieved in these patients. Pituitary hyperplasia may 
exist in some individuals.!7 However, the early results 
of pituitary surgery are certainly informative and en- 
couraging. 

Medical adrenalectomy. After it was found that the 
insecticide DDD produced selective destruction of the 
zona fasciculata and zona reticularis in the adrenals of 
dogs*!-4” while to a considerable extent sparing the zona 
granulosa, this drug was used by Bergenstal et al.? 
to treat adrenocortical cancer as noted previously. Of 
18 patients so treated, seven exhibited a decrease in 
the size of the tumor and in cortisol secretion. In an- 
other seven patients the tumor remained the same size, 
but the rate of cortisol secretion declined. In the re- 
maining four there was no change in either tumor size 
. or in cortisol secretion. 

Subsequently, others used DDD therapy for the 
treatment of Cushing's disease.? Temple, et al.** found 
that the hypercortisolism was abolished in four patients 
given 3 g of o, b DDD per day When the 17-OHCS 
became subnormal, dexamethasone was supplied in a 
dose of 0.5 mg daily, as a safeguard against gluco- 
corticoid deficiency. Rates of aldosterone secretion 
were normal, and the patients adapted to sodium de- 
privation with virtually compleze renal conservation 
of sodium. In a fifth patient the DDD was given for one 
month and then bilateral adremalectomy performed. 
Except for hyperplasia and a deep yellow hue, 
the adrenal glands were normal both grossly and 
on light microscopy. However, electron microscopy 
revealed changes in the vesicular cristae of the mito- 
chondria of the zona fasciculata, similar to those re- 
ported in the dog.?' In contrast, in only an occasional 
section of the zona glomerulosa. were there slight al- 
terations in the lamellar cristae of the mitochondria. 
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Thus it is clear that DDD can produce a state of 
‘‘eucortisolism’’ in human beings, but the late results 
of such therapy remain to be assessed by further in- 
vestigation. The drug can produce important side ef- 
fects, especially upon the liver.?! 


Adrenal Autotransplantation 


The role which adrenal autotransplantation is to play, 
combined with total intra-abdominal adrenalectomy, 
has yet to be determined. Following the initial ex- 
perience of Franksson and his associates,'* a number 
of other investigators?:9:20.24,25,28,94,36,39,49,62. published 
their results. In Table 3 are presented 18 such patients 
that we have found in the literature, plus the eight 
of our own reported herein for a total of 26, and still 
others have been alluded to in foreign literature not 
readily available.?9*? It was possible to stop all steroid 
replacement therapy in 16 of the 26 subjects. It is clear 
that some degree of “‘take’’ of the transplant may be 
expected in almost every patient, but with marked vari- 
ations in ‘‘success’’ among patients, regardless of the 
operative technique employed. Adequate functional 
activity has been demonstrated in at least some patients 
with each of the transplant techniques whether the sar- 
torius, pectoralis or rectus muscle was the recipient 
site. In general, ACTH stimulation tests have often 
failed to produce an increase in the secretory rate of 
the transplants, which have appeared to be already 
maximally stimulated by the endogenous ACTH. How- 
ever, in the occasional patient exogenous ACTH will 
produce an increase in 17-OHCS secretion by the trans- 
plant.” Dexamethasone suppression of transplant se- 
cretion is possible, as demonstrated in our patient S.F. 
who had developed recurrent Cushing’s syndrome 
from the transplants. Multiple thin slices would appear 
more likely to produce a greater mass of functioning 
tissue, but are harder to find if recurrent Cushing’s 
syndrome develops. 

While in some patients it may be possible to stop 
all replacement therapy after several months, other pa- 
tients never achieve adequate function of the trans- 
plants and still others may develop recurrent Cush- 
ing's syndrome due to hypertrophy of the transplants 
after a period of years. The optimal site for intramus- 
cular implantation and the optimal hormonal environ- 
ment for transplant survival remain to be determined. 
In one of Franksson’s patients adrenocortical insuffi- 
ciency promptly followed excision of the transplant." 
In two patients reported by others,'?? recurrent Cush- 
ing's syndrome due to hyperplasia of the transplants 
was reversed by excision or partial excision of the 
transplants, these clinical findings being paralleled by 
appropriate changes in the plasma and urinary 17-hy- 
droxycorticosteroid values. 
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‘Author ' 





Franksson et al.?? 


(Stockholm, 1959) 


Frankégon et ali: 
. (Stockholm, 1959] 


Franksson et alis 
(Stockholm, .1959* 


Franksson et al. 
| (Stockholm, 1959) 


! 


Franksson et al.’ 


(Stockholm, 1959) ` 
Ibbertson & O'Brien” 


. (Auckland, 1962). 


Ibbertson & O'Brien? 


(Auckland, 1962) 


Ledingham e: al.” 
(London, 1966): 


Ledingham et al?! 
. (London, 1966) 


Ledingham et al,» ui 


(London, 1966). 
Ledingham et a]; 
(London, 1966) 


Ledingham et a] i^ l 
(London, 1966) 


Drucher, et al.? : 


- (New. York, 1967) . 


B 


Bayer etal’ ' 
(Bonn, 1971) 


Kaplan and Shires™ 
- (Dallas; 1972)... 
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TABLE 3. Adrenal Autotransplantation (Survey of Literature) 


Patient 


` (1) Female, Age 41 


(2) Female, Age 45 


(3) Female, Age 24 


(4) Female; Age 43 


(5) Female, Age 42 


(6) Male, Age 39 


(7) Male, Age 41 


(8) Male, Age 24 


| (9) Female, Age 64 


(10) Female, ‘Age 25 


(11) Male, Age 34 


(12) Female; Age 40 


- (13) Female, Age 14 


(14) Age & Sex not ` 


: given. . 


. (15) Male, Age 15 


Site of Transplant 


Sartorius muscle 


Sartorius muscle 


Sartorius muscle 


Sartorius muscle 


Sartorius muscle 


Sartorius muscle 


Sartorius muscle 


Pectoralis muscle 


Pectoralis muscle 


Pectoralis muscle 


Pectoralis muscle 
Pectoralis muscle 


Sartorius muscle 


Sartorius muscle 


Sartorius muscle 
(bilateral) 


Function of Transplant 


Steroid replacement stopped at 7 
months. Excision of transplant 
precipitated acute adrenocorti- 
cal insufficiency. 


Steroid replacement stopped at 514 
months. Then well for 2 years, 
until infection required replace- 
ment therapy. No response to 
ACTH. Increased pigmentation. 


Tried drug withdrawal at 3 months 
but failed.. Successful at 7 
montlis. No response to ACTH. 
Increased pigmentation. 


Transplanted at second operation, 
for recurrent Cushing's. Tried 
drug withdrawal at 444 months 
but failed. Successful at 5 
months. Low urinary 17-OHCS. 


No attempt had been made at re- 
port, 44% months after operation. 


At one month unable to withdraw 
drug therapy, or on several oc- 
casions thereafter. 


At one month steroid therapy with- 
drawn for 1 week uneventfully 
and again later. ACTH and meta- 
pirone no effect. 


No attempt to stop steroid ther- 
apy. ACTH no effect on urinary 
17-OHCS or 17-KS. 


No attempt at steroid withdrawal. 
No response to ACTH. 


Recurrent Cushing's syndrome at 
3 years excision of hyperplastic 
transplant nodules. No response 
to ACTH. Enlarged pituitary 
fossa. 


Replacement therapy stopped for 
4 weeks at 414 years. Then re- 
started. ACTH no effect. 


At 2 years no ACTH. No effect 
on urinary 17-OHCS or 17-KS. 


Transplanted at second operation, 
for recurrent Cushing's. Trans- 
plant secreted cortisol and al- 
dosterone. All steroid replace- 
ment stopped permanently. 


Recurrent Cushing's syndrome at 
215 years. Reversed by excision 
of transplants. 


Replacement steroid therapy 
stopped permanently at 214 
months. Endocrine functions 
generally returned to normal. 
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Biopsy 


At 8 months. Normal . 


adrenal tissue. 


No biopsy reported. 


No biopsy reported. 


No biopsy reported. 


No biopsy reported. 


No biopsy reported. 


No biopsy reported. 


Graft excised at 8 months. 
Nodule 1.0 x 0.5 cm, 
normal adrenal tissue. 


Died of other causes. 
Autopsy showed viable 
transplants and pitui- 


tary basopbil adenoma. 


Nodular hyperplasia pro- 
ducing recurrent hy- 
percortisolism. 


Not done. (Psycholog- 
ical instability pre- 
cluded.) 


Viable adrenal tissue. 


Diffuse and nodular hy- 
perplasia. 


No. biopsy. 
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TABLE 3. (Continued ) 
Author Patient Site of Transplant Function of Transplant Biopsy 
Zieleniewski & Stapor® (16) Female, Age 41 Rectus abdominis muscle Steroid replacement stopped per- Not done. 
(Lodz, 1972) manently 10 months post-trans- ` 
plant (performed at time of sec- 
ond operation for completion of 
adrenalectomy for recurrent 
Cushing’s). ACTH increased 
urinary 17-OHCS at 615 years 
post-transplant. | 
Zieleniewski & Stapor? (17) Female, Age 46 Rectus abdominis muscle Transplant performed at second. Not done. 
(Lodz, 1972) operation, for completion intra- 
abdominal adrenalectomy. Ster- 
oid replacement stopped after 7 
months. ACTH stimulus re- 
sponse in 17-OHCS at 18 months. 
Zieleniewski & Stapor?. (18) Female. Age 27 Rectus abdominis muscle Unable to stop steroid replace- Not taken. 
(Lodz, 1972) ment at 6 months or at one year. 
Hardy -Eight patients 
(Jackson) reported herein | 
Total patients s. T26 Transplant survived in 22. Patient off replacement therapy Recurrent Cushing's syn- 


in 16, possibly in others. 


drome from transplant 
in 3. i 


Additional adrenal transplantation patients??**9, 


The pathologic examination of the autotransplants 
has been of special interest.*° In our own series, the 
color of the adrenal tissue has ranged from the vivid 
yellow color of the normal acrenal cortex to darkly 
pigmented nodular hyperplasia (Fig. 5). Microscopi- 
cally, the human autotransplants, again, exhibited a 


wide spectrum from only a modicum of viable adreno-. 


cortical cells scattered through areas of necrosis and 
fibrosis, to frank adrenocortical hyperplasia in one of 
our patients with recurrent Cushing’s syndrome (pa- 
tient S.F.). It was not possible to identify which of 
the three zones of the cortex had survived autotrans- 
plantation most successfully in our patients, but Kol- 
pakov et al.” found in rats and rabbits that the zona 
glomerulosa recovered most rapidly, being almost com- 
pletely recovered at two weeks, when the zona fascicu- 
lata and the zona reticularis were still in a stage of 
marked degeneration. The adrenal medulla had not sur- 
vived in our patients and this has appeared to be the 
case in other reported studies. Although there: have 
been instances when it was apparently possible to with- 
draw steroid replacement therzpy completely at only 
afew weeks postadrenal autotransplantation combined 
with total intra-abdominal adreaalectomy, it has been 
our experience that the transplants may be expected 
to increase in function over a period of years, and as 
already noted our one patient who developed recur- 
rent Cushing's syndrome (Patient S.F.) did so only 
after seven years, though others have reported this 
circumstance after only two to three years.*?? Actually, 


it would stand to reason that a progressive increase 
in activity could be expected from viable autotrans- 
plants, since the elevated circulating ACTH level not 
only persists but may increase, concomitant with a 
slowly improving blood supply to the transplants. 
Moreover, naturally occurring Cushing's disease usu- 
ally develops slowly. | 


The Future of Adrenal Autotransplantation 


The data herein reported, from our clinic and else- 
where, fully establish that adrenal autotransplants to 
muscle may be expected to survive in most instances 
but to variable degrees. In a substantial percentage 
of such patients the steroid replacement can eventually 
be stopped completely or administered in minimal 
dosage. $ 

On the other hand, the presence of this continuing 
endogenous source of cortisol does complicate the 
problem of steroid replacement therapy, which is other- 
wise clear-cut and imperative when no functioning ad- 
renal tissue remains. Furthermore, the degree of auto- 
transplant function is variable and the degree of func- 
tional activity to be achieved may not be fully realized 
for years. Next, the presence of functioning autotrans- 
plants did not prevent increasing skin pigmentation in 
at least one of our patients who developed recurrent 
Cushing’s syndrome from. the transplants (Patient 
S.F.). However, thus far no patient with actively func- 
tioning autotransplants has developed the aggressive 
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postadrenalectomy chromophobe tumor known as 
Nelson’s syndrome, though further long-term follow- 
up is essential to decide this issue. 

Therefore, to review our three objectives when in 
1962 we initiated adrenal autotransplantation with total 
intra-abdominal adrenalectomy: 1) We and others have 
established that adrenal transplants can survive and 
function and eventually abolish the need for steroid 
replacement therapy in perhaps a majority of such pa- 
tients, with some degree of transplant survival in most 
patients. 2) None of our patients with a well function- 
ing transplant has thus far developed Nelson's syn- 
drome with a chromophobe adenoma, though only fur- 
ther experience and time will settle this question. 3) 
The presence of a well functioning transplant has not 
prevented an increase in skin pigmentation in some 
patients. 
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DR. EpwiN L. KAPLAN (Chicago, Ilinois): I agree with Dr. 
Hardy completely that in adrenal adenoma and carcinoma, dis- 
eases in which the treatment is clearcut —one should remove the 
tumor. On the other hand, the treatment of hyperplasia is still very 
perplexing. 

One of the other modalities that he did not mention is radiation to 
the pituitary. Dr. Ed Paloyan has recently presented data where 
two individuals who were apparently cured —in quotation marks— 
by irradiation therapy later had recurrences. In one of them it 
took eight years before the recurrence cf Cushing's occurred, so 
I think we must be wary when we use irradiation to the pituitary, 
and follow these patients carefully. 

We have experience at the University of Chicago with one 
adrenal transplant. We minced the adrenal cortex, as one would 
do for a parathyroid transplant, and transplanted this to the 
muscles of the arm. This patient still requires steroid therapy. How- 
ever, there is a very nice gradient of both cortisol and aldosterone, 
which is higher in the arm of the transplaat. 

I think the technique that Dr. Hardy aas proposed today war- 
rants our further investigation. 


Dr. FRANK GLENN (New York, New York): This report by 
Dr. Hardy is a great contribution to the matter of the patient who 
requires a total adrenalectomy. Furthermore it re-enunciates a 
principle of replacement for an injured or deficient part, specifically 
for the glands of internal secretion. These 18 cases are of significance 
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to all of us here because Dr. Hardy has, by study of his manage- 
ment derived a great deal of adequate information from each one 
detailed that will be of value to those who pursue this type of 
endeavor in the future. 

My interest in this disease goes back to the twelfth case in Dr. 
Cushing's series, when I was an assistant resident at the Brigham 
hospital. I have had a great deal of interest in it since. 

Our total experience, in close cooperation with the endocrine 
group at The New York Hospital includes 113 patients with Cush- 
ing's disease who have been treated surgically. Sixty of these have 
had hyperplasia of the adrenals. Fifty-two have been subjected to 
attempted total adrenalectomy. Those in which total adrenalectomy 
was accomplished as determined by postoperative studies have been 
well supported and maintained by replacement therapy. Our longest 
follow-up is now 28 years. 

However, replacement therapy leaves much to be desired from 
the patient's viewpoint. Dr. Hardy's experience will have an im- 
pact on the future management of the patient with Cushing's dis- 
ease. I would suggest that for those with hyperplasia the posterior 
approach affords a better opportunity to look for aberrant adrenal 
tissue. Such tissue and any remaining adrenal tend to become exu- 
berant when subtotal adrenalectomy is done. 

Dr. Hardy has mentioned the pigmentation of the skin following 
total adrenalectomy. Here are two slides that further emphasize 
this phenomenon that I feel we lack an explanation for. Actually 
this is but one of many changes that follow total resection. I think 
it is the tip of the iceberg of many significant changes, particularly 
as it relates to the pituitary and hypothalamus. I have long believed 
that the adrenals are only one but an important link in the complex 
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physiology of the glands of internal secretion. Perhaps adrenal rests 
or fragments of adrenal tissue may have been left in the operative 
area. 

(Slide) Here is the pigmentation that Dr. Hardy has mentioned 
in his paper. 

(Slide) Here is the pigmentation in the hands. 

The complications resulting from the altered physiology here are 
fantastic. It is the link with the glands of internal secretion, and as 
Dr. Hardy has pointed out, we are coming back to the pituitary, 
Cushing's original conception. 

This report of Dr. Hardy's is a model for surgeons who seek 
to advance surgical therapy by observation and trial innovations 
to meet the needs of depleted or diseased parts. The excellent docu- 
mentation of 18 patients with adrenal tissue reimplantation is a his- 
torical landmark in surgery, and does a lot to clear up some of our 
misadventures and poor reasoning in the past. 


Dr. WILLIAM H. REMINE (Rochester, Minnesota): I'll confine my 
remarks entirely to adrenal hyperplasia, which I think is the impor- 
tant factor in this ciscussion. I don't know that we've ever really 
gotten away from Cushing’s original premise that these problems 
were caused by pituitary tumors, but because of frustration in making 
the diagnosis of the tunior there, we have treated the end product 
of the disease, and I think we're now getting back to what was 
originally described. This is the result of more sophisticated means 
of diagnosis at the present time, with spiral tomography and carotid 
arteriography. 

Around 1950, partial adrenalectomy was performed because we 
had no method of supporting the patient after removal of all the 
adrenal tissue. With the advent of steroids, we then went to total 
adrenalectomy for Cushing's disease. At that time, our experience 
with the long-term followup of over 300 cases, showed a 1596 in- 
cidence of development of pituitary tumors that eventually needed 
some type of treatment. 

In the last 4-14 years, my colleagues have been interested in trans- 
sphenoidal removal of microadenomas of a great variety of types, 
not just Cushing's. All together, they havé performed over 250 such 
procedures, with an operative mortality of 1.1%. 

Since 1974 we have been conducting a prospective study for Cush- 
ing's disease, using spiral tomography and carotid angiography. In 
this group we have 18 patients that have been treated with trans- 
sphenoidal removal of microadenomas. Of these that were operated 
upon, 16 have had complete remission. Of the two who did not have 
remissions, one had no tumor (this was found at autopsy when 
the patient died two years later of perforated diverticulitis) and one 
had a tumor which was removed, but the diséase persisted and later 
responded tc irradiation. 

Now, why don't we treat them with irradiation? Because it's per- 
fectly obvious that with the techniques used now, the danger of 
damage to the optic chiasm is great. Therefore, an operation such 
as this, with removal of microadenomas of the pituitary with a mini- 
mum of morbidity and mortality is probably the best form of treat- 
ment. 

One other comment might be made about the use of o,p'-DDD 
in the management of this disease. In our experience, this is totally 
useless. It makes »atients terribly sick and in the end they die of 
their disease anyway. 

I would like to ask Dr. Hardy why he is so sure that the recurrence 
in that one patient is coming from possibly a transplant and not 
from a recurrence of the tumor in the region of the original opera- 
tion in the adrenai. In our experience, this has been the place to 
find it. It's often possible to leave a tiny remnant of adrenal tissue 
behind when you clamp the adrenal vein, particularly on the right 
side where it's very short and enters in on the posterior wall of 
the vena cava. The remnant can remain there and subsequently 
will enlarge and czuse recurrence of the disease. 

I compliment Dr. Hardy on the technique that he has developed. It 
will be interesting to follow and see the outcome. 


Dn. J. HARTWELL HARRISON (Boston, Massachusetts): It's sig- 
nificant and appropriate that Dr. James Hardy should bring to us 
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this first description of autotransplantation of the adrenal. To my 
knowledge, he was the first person to carry out successfully auto- 
transplantation of the kidnev. 

(Slide) Here is a review of 95 patients having hyperadrenocor- 
ticism due to hyperplasia of the adrenal cortex; one sees that 61 of 
the patients underwent bilateral total adrenalectomy, which has been 
the accepted operation for this procedure for a long time. Recently, 
the pituitary has regained its importance in the surgical management 
of Cushing's syndrome. 

I wish to call your attention to subtotal adrenalectomy here; there 
were 13 of these. In these patients a small remnant of gland was 
left at the lower pole of the left adrenal, where it would be easily 
accessible for subsequent removal if necessary. You will note that 
in seven of these, the lesion became hyperplastic, necessitating re- 
moval. This has been emphasized by Dr. Hardy today. Like Dr. 
Glenn, we have not been successful in our attempts at transplan- 
tation by putting slices of adrenal in the muscles of the thorax as 
we close the wound. 

(Slide) Here are the results of a two-to-20-year follow-up. There 
were 61 patients with normal blood pressure and 12 with hyper- 
tension, alive and well. 

Two weeks ago there was a Harvey Cushing Memorial Sym- 
posium, at which William Sweet and others spoke; at this meeting, 
William Harvey Cushing, the grandson of Harvey Cushing, presented 
a sterling silver Revere bowl to the Harvard Medical School, which 
Elliott Carr Cutler, John Cutler, Roger Cutler and Robert Cutler 
had presented to Dr. Cushing more than 60 years ago. At this same 
occasion, Dr. Ray Kjellberg of the Massachusetts General Hospital, 
presented me with a personal communication as follows: 

I have treated 106 patients with Cushing's disease and 18 patients 
with Nelson's syndrome by stereotactic Bragg peak proton hypo- 
physectomy. In patients with pituitary-dependent Cushing's disease, 
clinical remission occurs in 65%, but another 20% are improved 
to the point that no further therapy is invoked. 

He shows an 8596 overall improvement with this technique to 
be compared with 73%, which we attained with bilateral total adrenal- 
ectomy. The morbidity is less in Kjellberg's series. 

There were no deaths or disabling complications. Replacement 
therapy was necessary in only 13% of these patients, and transient 
oculomotor disturbances occurred in two to three per cent. 


PROFESSOR PHILIP SANDBLOM (Lausanne, Switzerland): May I 
first express the tremendous pleasure we have who come from far 
away to attend this summit and culmination of the surgical year. 
James Hardy's excellent presentation of Cushing's disease exempli 
fies this. 

I have a little comment about the relationship between the Cush- 
ing's disease and the wound healing process. A few years ago, we 
examined the wound healing in different patient groups by the tensile 
strength of small incisions in the elbow fold. We didn't find many 
series where the wound healing really was depressed. Even in high 
ages, the wound healing was close to being normal. 

The greatest differences were in the Cushing's group, where the 
wound healing was often reduced to less than half of normal. In 
one patient, where we excised an adrenal tumor, the wound healing 
returned to normal within months after the operation. 

With the abdominal incision, there might be some reason for de- 
hiscence, and I would like to ask Dr. Hardy whether he takes special 
precautions in preventing wound dehiscence when operating on 
Cushing's disease. 


Dr. JOHN RAAB, JR. (Houston, Texas): In 1958 Drs. Paul Russell 
and Sir Peter Medawar reported that adrenalectomized mice could 
be sustained with implanted corticoadrenal shavings, which were 
placed into muscle. This provides excellent experimental support 
for your clinical studies. In these mice, of course, there were no 
vascular anastomoses, confirming your findings that the anastomosis 
is not required. 

(Slide) At M. D. Anderson more recently, Dr. Robert Hickey 
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and I have been studving the implantaton of parathyroid tissue 
into muscle and been impressed that, using this implantation site, 
there is very rapid function of the graft. Ir rat studies, for example, 
if you implant parathyroid into muscle of rarathyroidectomized ani- 
mals, function occurs within one week, and you get a normocalcemic 
animal. 

(Slide) In the human, however, it may -ake a bit longer for nor- 
mocalcemia to take place. This 37-year-old female had a total thy- 
roidectomy and parathvroidectomy for papillary carcinoma. Two 
normal parathyroids were placed into the right arm. It took about 
three weeks for her to return to normocalcemia, and during this 
time she was kept asymptomatic on oral calcium. Nonetheless, 


Within the first week we were able to demonstrate that the ante- 


cubital venous blood in the right arm draining her graft site con- 
tained substantially greater amounts of parathyroid hormone than 
the control left arm. This was also true about three weeks later. 

(Slide) We have also observed hyperplasia and hyperfunction of 
parathyroid tissue which was implanted in a patient. This 67-year- 
old female had an adenoma, and she unde-went total parathyroid- 
ectomy. The adenoma was saved, and one half of it was reimplanted. 
This tissue was roughly divided between the right pectoral muscle 
and left forearm. 

(Slide) As you can see, preoperatively she was hypercalcemic. 
With the parathyroidectomy and implantation she became normo- 
calcemic. The implanted arm contained greater parathyroid hormone 
in the antecubital vein than the control arm 

Two years later she became hypercalcemic again, and it was found 
that in the implanted arm the parathyroid I2vel was quite high. It 
was a simple matter to excise the arm implant, and she has sub- 
sequently remained normocalcemic, and he- parathyroid hormone 
has returned to normal in that arm. 

(Slide) The arm site was exposed, as you see, and we had placed 
silver clips around the implant site, so that it was easy to excise 
this bloc of tissue. 

(Slide) The excised tissue shows viable parathyroid in the muscle 
site. 

This case demonstrates that implanted endocrine tissue can hyper- 
function, even in the absence of a pituitary influence, but one 
can correct for this by partial reexcision of tae tissue. 

I would recommend to Dr. Hardy that the arm rather than the 
leg be used for adrenal implantation, because of the availability 
of draining venous blood for subsequent studies such as cortisol 
levels. 
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Dr. JAMES D. Harpy (Closing discussion): 

Dr. Kaplan, we have not often chosen to employ pituitary radiation. 
First, most of these patients are women, and we don't want to 
diminish prolactin secretion, or to diminish growth hormone secre- 
tion in teen-agers. Moreover, the literature suggests that only about 
one fourth to one half of the patients treated with pituitary irradia- 
tion have achieved even temporary not to mention permanent re- 
mission. 

Dr. Glenn certainly has had a large experience with Cushing's 

disease. Total adrenalectomy has now, I think, replaced subtotal 
in almost ali surgical clinics. The possibility of residual adrenal tis- 
sue in the abdomen has to be considered, and we don't completely 
discount it. However, Franksson excised one of his adrenal auto- 
transplants to the thigh, producing prompt adrenal insufficiency. 
. One fact has to be borne in mind. It is often literally years — nine in 
one patient, seven in another— before the plasma levels of 17-hy- 
droxycorticosteroids are normal in these adrenal autotransplant pa- 
tients. And that's not really too surprising, when one realizes that 
it often takes years for Cushing's disease to develop; certainly. to 
the full-blown state. Cushing's disease is a very complex disorder. 
For example, even though the physical findings may have been re- 
turned to normal by adrenalectomy, one can show years later that 
the response of growth hormone secretion or of 17-hydroxycorti- 
costeroid secretion to induced hypoglycemia is still abnormal in 
these patients. 

Dr. ReMine asked if we thought that we might have adrenal tissue 
in the abdomen of the patient who developed recurrent Cushing's 
disease. Well, that, of course, is not discounted, but when we took 
those eight so-called ‘‘adenomas’’ out of the thigh. the plasma 17- 
hydroxycorticoid level dropped from 23 mcg/% down to 10 mcg/%. 
We believe that additional "adenomas'' remain in the thigh. Fur- 
thermore, data published in the world literature fully support func- 
tion of the transplants. 

Dr. Sandblom asked whether we took special precautions with 
the abdominal wound closure. No, not particularly. and we haven't 
had any dehiscences thus far. 

As for Dr. Raaf's comment that we might put the transplant tis- 
sue in the forearm, I might say that our former splendid Secretary 
of the Association, Dr. Shires, and his associate used the leg in their 
patient. Later, they introduced a catheter above the level of the 
transplant in the thigh and got an elevated plasma hydroxycorti- 
costeroid level there, as compared, I believe, with that in the ante- 
cubital vein. So, venous sampling can be done in the leg satisfactorily. 
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Asymptomatic Carotid Bruit: 


Long-term Outcome of Patients Having Endarterectomy 


Compared with Unoperated Controls 
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During 20 years (1957-1977), 1286 carotid endarterectomies 
were performed on 1022 private patients with cerebrovascular 
insufficiency. Included were 132 patients undergoing 167 end- 
arterectomies for asymptomatic cervical carotid bruits. Ages 
ranged from 42 to 82 years (mean: 64.7). Operative mortality 
was zero. There were two transient and two permanent opera- 
tion-related neurologic deficits. Complete follow-up was 
achieved, extending to 184 months. During postoperative fol- 
low-up, six patients (4.5%) developed TIA’s appropriate to 
the unoperated artery, three patients had strokes (2.3%), and 
three patients died of strokes (2.3%). To characterize the natu- 
ral history of asymptomatic bruit and determine proper in- 
dications for prophylactic endarterectomy, a control series 
of 138 additional patients with asymptomatic bruits not op- 
erated upon when the bruit was discovered was studied. Ages 
ranged from 39 to 86 years (mean: 65.7). During follow-up 
. extending to 180 months, 77 patients (55.8%) remained neu- 
rologically asymptomatic, 37 patients (26.8%) developed TIA's 
one month to 99 months after detection of bruit, and 24 pa- 
tients (17.4%) sustained mild to profound frank strokes one 
week to 124 months postdetection. Three of these 24 (2.2%) died 
of stroke. Asymptomatic carotid bruits may be potential stroke 
hazards, the risk of which can be significantly reduced by 
appropriately applied endarterectomy. À protocol for manage- 
ment is presented. 


URING THE PAST TWO DECADES it has been clearly 


established that in many patients with cerebro- 
vascular insufficiency the responsible atherosclerotic 


occlusions are in the extracranial vasculature. In fact, 
Hass et al." state that 74% of such patients have at least 
one signiticant lesion at a surgically accessible site. 
Therefore, it is technically feasible to increase cerebral 
blood flow or remove sources of emboli by surgical 
means. Carotid endarterectomy is highly effective in 
the treatment of patients with transient cerebral 
ischemia since symptoms are relieved in most instances 
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and the incidence of subsequent strokes is markedly 
reduced.?1?4 

The most controversial area at present concerns the 
advisability of performing arteriography and operation 
on patients with asymptomatic carotid bruits. Asympto- 
matic subclavian bruits, even with a demonstrated sub- 
clavian steal syndrome, do not require operative in- 
tervention. However, the midcarotid bruit, which re- 
flects the presence of atherosclerosis at the common 
carotid bifurcation, is-another matter. Ninety per cent 
of such bruits arise from internal carotid plaques, the 
rest coming from external carotid plaques or other un- 
common lesions.*° The indications for endarterectomy 
in patients with asymptomatic carotid bruits, however, 
have not yet been clearly defined. l 

Auscultation of the neck for the presence of carotid 
bruits is an important examination in patients with cere- 
brovascular insufficiency syndromes. In fact, this should 
be done in every routine physical examination, es- 
pecially in patients over the age of 40 and in those with 
evidence of atherosclerosis elsewhere in the body. Re- 
cently developed sophisticated stethoscopes for the 
heart are inadequate for the head and neck. The stand- 
ard 3 cm bell stethoscope remains the most satisfactory 
one for cervical auscultation. 

The differential diagnosis of cervical murmurs in- . 
cludes physiologic murmurs of no significance; venous 
hum; arteriovenous fistula; angiomatous malforma- 
tions; intracranial neoplasm; Paget’s disease of the skull; 
fever; anemia; thyrotoxicosis; atherosclerosis of the in- 
nominate, subclavian, vertebral and carotid arteries; 
loops, kinks, and fibromuscular dysplasia of the carotid 
artery; and transmitted cardiac murmurs. In children 
and young adults cervical murmurs are of little sig- 
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TABLE 1. Operative Mortality Following Carotid Endarterectomy (Total experience —20 years) 





Clinical No. of No. of 
Category Patients Operations 
Frank stroke 296 358 
Transient ischemia S75 737 
Chronic ischemia 19 24 
Asymptomatic bruit 132 167 
Totals 1022 1286 


nificance. They are usually heard at the base of the 
neck and their incidence decreases rapidly with in- 
creasing age. Over the age of 40, however, cervical 
murmurs are much more significant, the carotid bruits 
being those most commonly encountered, with a re- 
ported incidence of about 10%.°:'® 

The most important cervical bruit is the midcarotid, 
heard over the carotid bifurcation near the angle of 
the jaw. It is usually highly localized and disappears 
quickly as one listens inferiorly. Carotid bruits vary in 
intensity from soft to very harsh and may be graded 
from zero to four-plus on a quantitative basis. They 
appear when stenosis is 50% or greater and may ac- 
tually disappear at 85-90% stenosis or when the lumen 
is only 0.5-1 mm in diameter.'?? They vary in timing 
from systolic to continuous. 

The most frequent cause of a midcarotid bruit is an 
atherosclerotic plaque at the bifurcation of the com- 
mon carotid artery, which usually involves the origin 
and first few centimeters of the internal carotid but 
occasionally is limited to the external carotid. Rarely. 
a bruit is present in the absence of any radiograph- 
ically demonstrable carotid pathology. It has been at- 
tributed to a hemodynamic phenomenon whch may 
result from total occlusion of the opposite carotid.? 

Several studies have been done on patients with overt 
cerebrovascular insufficiency, correlating stenotic 
lesions demonstrated on arteriograms with carotid bruits 
heard in the neck.**-'5 The degree of correlation is very 
high when bruits are audible, ranging from 75 to 85%. 
Overall correlation between demonstrable carotid dis- 
ease and bruits is about 60%, since lesions may be 
present on the arteriogram yet no bruit be audible. 
These include stenoses of less than 50%, ulcerated 
plaques without stenosis, severe stenosis with a lumen 
diameter of 1 mm or less, and total occlusions of the 
internal carotid artery.'” A carotid bruit when present 
thus constitutes a significant finding in patients with 
cerebrovascular insufficiency. The controversy arises as 
to the significance of the bruit in the absence of cere- 
bral symptoms.” 

This paper reports our experience with asymptomatic 
carotid bruits, including both non-operated and Op- 
erated patients. The first objective was to characterize 


No. of Patient Procedure 
Deaths Mortality Mortality 
20 6.8% 5.6% 

7 1.2% 0.9% 

() () () 
() () 0 
27 2.6% 2.1% 


the natural history of the untreated patient with an 
asymptomatic bruit to determine if this lesion poses any 
stroke hazard. The second objective was to determine 
the long-term outcome, as regards development of cere- 
bral ischemic episodes, of patients with asymptomatic 
bruits subjected to primary carotid endarterectomy, 
and to compare these results with those found in the 
untreated group. The third is to propose a practical 
and reasonable protocol for management of patients 
with asymptomatic carotid bruits. 


Materials and Methods 


During a 20-year period from April 16, 1957 through 
April 30, 1977, we performed 1286 carotid endarterec- 
tomies on 1022 private patients for the various syn- 
dromes of cerebrovascular insufficiency (Table 1).!? 
In our first analysis in 1965,*° we were struck by the 
finding that among 16 patients with asymptomatic bruits 
not operated upon, five of the 16 sustained frank strokes 
without episodes of transient ischemia. Consequently, 
two series, an operated group and a non-operated con- 
trol group, have been followed pari-passu over the 
years. A total of 270 patients with asymptomatic mid- 
carotid bruits have been studied. Of these 132 were 
subjected to endarterectomy primarily, while 138 were 
followed but were not operated upon when the bruit 
was first detected. The follow-up study extended 
through November 15, 1977, so that all patients had a 
minimal follow-up of at least six months. 

Table 2 shows the basic data on the two groups, which 
were quite similar as to age and sex distribution and 
other medical characteristics. All patients were white. 

The indications for operating upon or following these 
patients warrant explanation. In the early days of the 
study we were unsure as to whether they should be 


TABLE 2. Basic Patient Data 
AAA a E EA 


Operated Non-operated 
O ig EOM 
No. of patients 132 138 
Age: range 42-82 years 39—86 years 
Age: mean 64.7 years 65.7 years 
Males 76 (57.6%) 74 (53.6%) 
Females 56 (42.4%) 64 (46.4%) 


EEE 


310 





considered for operation at all. Indications for arteriog- 
raphy were based on clinical judgment aimed at pre- 
venting strokes, and included patients with harsh bruits 
and those about to undergo major surgery of another 
sort. In a few cases the referring physicians or the 
patients were insistent on arteriography. Operation was 
performed if a significant lesion was seen on the x-rays. 
A stenosis was considered significant if the diameter of 
the internal carotid was reduced 50% or more, especially 
if in addition its appearance suggested the deposition of 
platelet aggregations or an ulcerated plaque (Fig. 1). 
Patients were not operated upon but followed after 
elective arteriography if the internal carotid stenosis 
was less than 50%, if the lesion appeared to be prin- 
cipally in the external carotid, and if other urgent con- 
ditions took therapeutic priority over endarterectomy 
(e.g.. impending gangrene). 

There were various reasons for not considering arte- 
riography and operation but following other patients 
when first seen. In some the bruit was unilateral and 
soft. Most often the referring physician or the patient 
was unwilling to accept the risk of arteriography un- 
der general anesthesia and possible subsequent opera- 
tion. Occasionally the treatment of other disorders took 
precedence over management of the bruit. In some in- 
stances we did not feel justified in subjecting asympto- 
matic patients with multiple risk factors to the addi- 
tional risk of arteriography unless symptoms of cerebral 
ischemia should supervene. A few patients did not re- 
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Fic. 1. Right lateral 
carotid  arteriogram 
showing severe stenosis 
at the bifurcation of the 
common carotid with 
involvement of the in- 
ternal carotid giving rise 
to a loud, harsh carotid 
bruit, in a patient with- 
out neurologic symp- 
toms. On the left is the 
preoperative appearance 
and on the right the 
postoperative appear- 
ance three years after 
carotid endarterectomy 
through a linear arteri- 
otomy closed without a 
patch graft. 


turn for regular follow-up after other operations, al- 
though instructed to do so. 

[n recent years, with increasing safety of retrograde 
arteriography under local anesthesia, this procedure 
has been recommended and carried out more liberally. 
[n the last year of the study the noninvasive examina- 
tions of oculoplethysmography (OPG) and carotid phono- 
angiography (CPA)'? have been useful adjuncts in de- 
termining indications for arteriography and operation. 
With increasing experience we have elected in some in- 
stances to follow patients whom we previously op- 
erated upon, even after arteriography. If there is any 
bias in selection of patients for therapy, it would ap- 
pear to favor the non-operated group as being at less 
risk for stroke. 

All 132 patients undergoing endarterectomy had 
arteriography performed. In the non-operated group 81 
of 138 patients, or 58.7%, underwent arteriography 
either electively or subsequent to the onset of cerebral 
symptoms. Thus 78.9% of the total 270 patients had 
x-ray studies carried out (Fig. 1). 


Results 


Operative Mortality and Morbidity 


The data on patients undergoing elective carotid end- 
arterectomy are shown in Table 3. Operation was per- 
formed under general anesthesia with routine use of a 
temporary inlying bypass shunt, as previously described 
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TABLE 3. Data on Patients Having Endarterectomy 


No. of patients 132 
No. of operations 167 
Operative mortality 0 
Operation-related deficits 
Transient 2 (1.296) 
Permanent, mild 2 (1.2%) 


(Fig. 2).?! There was no operative mortality. Two pa- 
tients sustained transient neurologic deficits related to 
operation, which cleared completely, and two addi- 
tional patients had permanent mild deficits, an inci- 
dence of 1.2%. Thirty-five patients, or 26.5%, had bi- 
lateral operations performed in separate stages. 


Follow-up Studies 


A continuous long-term follow-up study has been 
carried out on both groups of patients through Novem- 
ber 15, 1977. The number of patients in each of the 
time intervals for the operated group is shown in Table 
4, being divided into long-term survivors and long-term 
deaths. No patient was lost to follow-up. Similar data 
for the non-operated patients are displayed in Table 5. 

Long-term follow-up data on the neurologic status of 
the operated and non-operated patients are shown in 
Table 6. Patients are listed as asymptomatic if they 
were asymptomatic neurologically at the end of the 
study or at time of death from other causes. The re- 
maining patients are listed as having developed tran- 
sient cerebral ischemia (TIA's) either localized or gen- 


Fic. 2. Drawing illus- 
trating the technique of 
carotid endarterectomy 
employing a #10 Fr. 
plastic catheter as a 
temporary inlying shunt 
for cerebral protection, 
with a linear arteriotomy 
which is closed without 
a patch graft. (From 
J. E. Thompson and 
C. M. Talkington, Caro- 
tid Endarterectomy, 
Ann. Surg., 184:1, 1976.) 
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eralized, nonfatal strokes, or fatal strokes during fol- 
low-up. In the operated group, follow-up extended from 
six to 184 months, with a mean of 55.1 months. For 
the non-operated group, follow-up extended to 180 
months with a mean of 45.5 months for the asympto- 
matic patients. 

Among the operated patients 90.9% remained asympto- 
matic, while in the non-operated group 55.8% de- 
veloped no neurologic symptoms. Six or 4.5% of the 
operated patients, developed TIA's at 25,39,42,43.70, 
and 100 months after operation. Five of these had end- 
arterectomy performed on the unoperated artery, 
which was appropriate to the symptoms. In the non- 
operated group 37 patients or 26.8%, developed symp- 
toms of transient ischemia from one to 99 months fol- 
lowing detection of the bruit, with a mean interval of 
32.1 months (Table 7). Twenty-nine of these 37 then 
had carotid endarterectomy carried out. In 10 patients 
the internal carotid had become totally occluded with 
disappearance of the bruit. Thus the long-term occur- 
rence of TIA’s in the non-operated group was six times 
that found in the operated group. Four additional pa- 
tients were found to have total carotid occlusion with 
disappearance of the bruit but without ischemic symp- 
toms. 

In the operated group three patients or 2.3% de- 
veloped nonfatal strokes at 11, 26, and 67 months post- 
operative, while among the non-operated patients 21, 
or 15.2% developed frank strokes from one week to 
124 months after the bruit was first heard, with a mean 
interval of 20.3 months (Table 7). Nine of these 21 pa- 
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TABLE 4. Length of Follow-up on Patients Operated upon 
for Asymptomatic Carotid Bruits 








Time Followed No. of Long- No. of Long- Total No. 
(Months) term Survivors term Deaths of Patients 
6—12 11 9 20 
13-24 16 2 18 
25—36 12 5 17 
37—48 9 4 13 
49—60 7 3 10 
61—72 9 5 14 
73—84 8 3 11 
85—96 2 5 7 
97—108 I 4 5 
109—120 4 I 5 
121—132 1 2 3 
133-144 5 5 
145-156 J ] 
157—168 2 2 
181—192 1 1 

89 43 132 





tients subsequently underwent carotid endarterectomy. 
The incidence of nonfatal strokes among the non-op- 
erated patients is thus 6.5 times greater than that found 
in the operated group. 

In the operated series three patients or 2.3% died of 
strokes at 74, 81, and 131 months postoperative. Like- 
wise in the non-operated group three patients or 2.2% 
suffered fatal strokes at six, 48, and 124 months fol- 
Jowing detection of the bruit. 

Table 8 lists the types of frank strokes occurring in 
the 24 patients in the non-operated group during the 
follow-up period. The ages of these patients ranged 
from 39 to 84 years, with an average age of 65. It is evi- 
dent that the majority of these were severe deficits. Of 
the 24 patients, 10 were found to have total occlusion of 
the internal carotid artery with disappearance of the 
bruit. 

During follow-up 43 of 132 patients in the operated 
group died, 32.6% (Table 4), while 50 of 138 patients 
in the non-operated group died, 36.2% (Table 5). The 
causes of long-term deaths are listed in Table 9. 7296 
of the deaths among the operated patients and 48% of 
those in the non-operated group were due to cardiac 
disease, thus pointing up the severity and widespread 
nature of the atherosclerotic process in these elderly 
patients with cerebrovascular disease. 

In the operated series 35 of 132 patients, or 26.5%, had 
bilateral operations for asymptomatic bruits. In the 
control series 66 of 138 patients, or 47.8%, had bilateral 
bruits. Among those patients developing TIA's, 16 of 37, 
or 43%, had bilateral murmurs, while 12 of 24, or 50%, 
of those going on to frank stokes had bilateral bruits. 
The absence of a bruit on one side, however, does not 
necessarily indicate a patent artery as the internal ca- 
rotid may be totally occluded. 
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It should be noted that the incidence of TIA's and 
strokes occurring during follow-up after prophylactic 
operation in patients with asymptomatic bruits is very 
similar to that found in numerous long-term studies of 
patients with transient ischemic attacks subjected to 
therapeutic endarterectomy.” 


Discussion 


It appears from our data that certain individuals with 
asymptomatic carotid bruits are at definite risk for 
ischemic cerebral episodes. The clinical consequences 
which we have observed in these patients during long- 
term follow-up may be listed as follows: 1) nothing 
may happen; 2) transient cerebral ischemic attacks 
may supervene; 3) frank strokes may occur without 
intervening episodes of transient ischemia; 4) total oc- 
clusion of the artery may occur without symptoms; 
and 5) total occlusion may occur with production of 
either transient ischemia or frank stroke. The hazard 
depends directly upon the lesion giving rise to the bruit 
and the status of all vessels supplying the brain, both 
primary and collateral. Thus, little hazard is posed from 
bruits arising from stenosis of the external carotid or 
from fibromuscular dysplasia. On the other hand, bruits 
coming from atherosclerotic plaques involving the in- 
ternal carotid become symptomatic in a significant per- ` 
centage of cases if followed long enough. 

The report of Javid et al.!? on the natural history 
of growth of carotid atheromas has important implica- 
tions with regard to management of carotid bruits. On 
serial arteriograms over a period of one to nine years, 
they noted no change in size of the atheromas in 38% of 
the lesions studied, but found a significant increase in 
6226 of the atheromas. The increase was greater than 
25% per year in 34% of lesions, was less than 25% per 


TABLE 5. Length of Follow-up on Non-operated Patients 
with Asymptomatic Carotid Bruits 


Time Followed No. of Long- No. of Long- Total No. 
(Months) term Survivors term Deaths of Patients 
0-12 19 12 31 
13-24 14 5 19 
25—36 9 6 15 
37-48 Il 6 17 
49-60 9 6 15 
61~72 5 3 8 
73-84 6 I 7 
85-96 1 2 9 
97 ..108 l 1 2 
109.120 2 ] 3 
121-132 2 2 
133—144 i 4 5 
14$--156 2 Í 3 
180--200 2 2 

88 50 138 
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TABLE 6. Long-term Follow-up Data on Operated and Non-operated Patients 


Asymptomatic TIA's 
Operated 120 6 
132 patients 90.9% 4.5% 
Non-operated 27 37 
138 patients 55.8% 26.8% 
Significance p < 0.01 p < 0.01 


Stroke Stroke 
Nonfatal Fatal Length of follow-up 
3 3 6 to 184 months 
2.3% 2.3% mean —55.] mos. 
2 3 To 180 months 
15.2% 2.2% mean — 45.5 mos. (ASX) 
p < 0.01 





year in 20%, while recurrent stenosis or thrombosis oc- 
curred in 7.4% 

It does not appear unreasonable, therefore, to con- 
sider the asymptomatic carotid bruit as part of the total 
picture of cerebrovascular insufficiency rather than an 
isolated finding on physical examination. The natural 
history of ischemic thrombotic stroke due to extracran- 
ial lesions must begin somewhere (Fig. 3). It may be- 
gin as a plaque at the common carotid bifurcation and 
its first physical manifestation be an asymptomatic bruit. 
With time the asymptomatic lesion becomes sympto- 
matic from ulceration and embolization, or from im- 
pairment of cerebral blood flow. One would hope the 
first symptom is a TIA, when therapy can be initiated. 
At times, however, the first symptom is hemiplegia, 
especially if a stenotic carotid undergoes acute total 
occlusion. This sequence of events is seen repeatedly 
in retrospective studies of patients with completed 
strokes. Many other factors enter in to complicate this 
simplistic scheme; namely, multiple lesions both extra- 
cranial and intracranial, anatomic configurations of 
cerebral collateral pathways, rate of progression of 
atherosclerosis in the individual patient, hypertension, 
diabetes, efc., to mention some of the more important 
ones. The length of time during which these bruits 
are present is also very important. 


TABLE 7. Interval From Detection of Bruit to Onset of Ischemic 
Episode in Non-operated Patients 








Interval No. of Patients No. of Patients 
(Months) with TIA's With Strokes 
0-12 10 15 
13-24 9 2 
25-36 5 3 
37-48 3 2 
49-60 3 
61—72 ] l 
73-84 4 
85-96 l 
97—108 l 
109—120 
121-132 l 
No. of pts. 37 24 
Range 1-99 mo 1 week to 124 months 
Mean interval 32.1 mo 20.3 mo 


——————————————————————————————————————————————— 


Corroborating the findings which we have presented 
here, Cooperman and Evans? have followed 60 patients 
with asymptomatic bruits from two to seven years. 
Twelve patients, or 2076, developed TIA's, while five 
patients had nonfatal strokes (8.3%) and four had fatal 
strokes (6.7%) for a total stroke incidence of 15% and 
an overall incidence of ischemic episodes of 35%. 
Thirty-five per cent of the patients died of other causes. 
Thirty per cent were alive and neurologically asympto- 
matic at the end of the study. 

In a screening survey of 1287 patients with asympto- 
matic cervical murmurs, Kartchner and McRae" found 
a significantly positive OPG-CPA test in 52% of 242 
patients with significant carotid bifurcation bruits. In 
the total series, during a 6-70 month follow-up, 31 pa- 
tients developed TIA's, 38 patients sustained frank 
strokes, eight died from strokes, and 135 patients un- 
derwent 154 carotid endarterectomy procedures. 

Likewise, Gee et al.* studied 157 asymptomatic bruits 
in 116 patients by means of ocular pneumoplethysmog- 
raphy (OPG-Gee). On the basis of this examination, 41 
patients underwent arteriography and 22 of these were 
considered to be at sufficient risk to have carotid end- 
arterectomy performed. 

Although the figures for the incidence of cerebral 
ischemic episodes in the studies quoted above differ 
from our own, for a number of reasons, the data do fit 
with the concept enunciated here; namely, that an 
asymptomatic carotid bruit may point out the patient 
with a potential stroke hazard. It represents an early 
stage in the clinical evolution of cerebrovascular insuf- 
ficiency just as TIA's have been shown in a number 
of studies?! to be forerunners of actual strokes in 30— 
3576 of cases followed three to five years or longer. 


TABLE 8. Types of Strokes Occurring in 24 Patients 
in the Non-operated Group 





Profound frank stroke, coma 
Hemiplegia 

Hemiparesis, severe 
Hemiparesis, mild 
Permanent blindness, partial 
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TABLE 9. Causes of Long-Term Deaths 


Cause of Death Operated Non-operated 
Cardiac 31 24 
Cerebral 3 8* 
Malignancy 4 l 

2 2 


Following other surgery 
Generalized atherosclerosis 
Uremia 
Ruptured aortic aneurysm 
Mesenteric infarction 3 
Gastrointestinal hemorrhage 2 
Burn l 
Emphysema | 
Auto accident | 
During arteriography | 
Cirrhosis l 
3 
50 


— — eet 


Undetermined 


43 





* Includes patients going from asymptomatic to TIA’s and non- 
fatal strokes dying later of cerebral causes. 


The questions that arise when one first hears a bruit 
in an asymptomatic patient are: does the murmur de- 
note a significant lesion in the internal carotid artery, 
and how can one determine its significance without 
subjecting the patient to the risk of unnecessary arteriog- 
raphy? Safe, simple, and reliable noninvasive screen- 
ing tests have been needed. Several such tests have al- 
ready been developed while a number of others are 
under intensive investigation.”! Examples of the former 
have been mentioned above, (Kartchner and McRae," 
Gee, et al.5) while the latter include various types of 
ultrasonic scanning methods.'?^/* With perfection of 
these techniques in the future it should be possible with 
noninvasive examinations to assess both anatomic and 
functional hemodynamic components of the lesions re- 
sponsible for bruits, thus making more precise the in- 
dications for arteriography, which remains at present 
the definitive diagnostic maneuver. Once arteriography 
has been accomplished, indications for endarterectomy 
are usually straightforward. 

One factor which is unpredictable is the rate at which 
atherosclerosis progresses in the individual patient. 
Most common is a moderate rate of progression with 
a carotid lesion becoming symptomatic over three to 
four years. Some lesions progress very slowly or hardly 
at all while others may progress rapidly to produce 
symptoms in a year or two. The only way this can be 
determined is by careful follow-up examinations at ap- 
propriate intervals. 


Protocol for Management 


Management of the patient with an asymptomatic 
carotid bruit follows three steps: 1) noninvasive screen- 
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ing, 2) cerebral arteriography and 3) carotid endarter- 
ectomy. 


Noninvasive Screening 


Noninvasive screening tests may be applied to all 
patients. Several different methods are available.*' At 
present we use the OPG-CPA (Kartchner) and supra- 
orbital Doppler studies. The ease and safety of such 
examinations makes possible serial testing at regular 
intervals to determine if a bruit-producing lesion found 
initially to be insignificant is indeed progressing towards 
one of significance, when arteriography may be re- 
quired. '? 


Cerebral Arteriography 


As cerebral arteriography has become increasingly 
safer with retrograde techniques and local anesthesia. 
it may be recommended more liberally than previously, 
but not routinely, in evaluating asymptomatic bruits of 
grade II intensity or greater. The overall general status 
of each patient should be considered very carefully. 
Arteriography should not be done if some contraindica- 
tion to endarterectomy already exists. It is not to be 
recommended if the bruit is soft and unilateral, if other 
conditions take priority over study ofthe bruit, or if the 






Carotid bruit 


Internal carotid dpa ck 
no symptoms 


me TIA or stroke from 
ulcerated plaque with 
m embolization 


TIA or stroke from 
— eduction in cerebral 
blood flow 


External carotid 


Thrombosis and total 
occlusion, with stroke 


Fic. 3. Diagram showing the various manifestations which may re- 
sult during the natural history of development of an atherosclerotic 
plaque at the common carotid bifurcation, from asymptomatic bruit 
to total occlusion with acute stroke. (From J. E. Thompson and 
C. M. Talkington, Carotid Endarterectomy, Ann. Surg. 184:1, 1976.) 
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noninvasive tests are negative. It may be recommended 
if bruits are bilateral and harsh, in patients with known 
progressive atherosclerosis elsewhere, prior to other 
major operations, when noninvasive tests are positive, 
and when one’s best clinical judgment indicates that it 
is necessary. An experienced arteriographer should be 
available. 


Carotid Endarterectomy 


If the arteriograms show that the bruit arises from a 
lesion posing no stroke hazard, operation need not be 
considered. If a significant atherosclerotic stenosis is 
found in the common or internal carotid, endarter- 
ectomy may be recommended. Specific indications in- 
clude 1) bilateral stenoses; 2) unilateral stenosis with 
contralateral occlusion; 3) stenosis in the artery to the 
dominant hemisphere; 4) known progressive athero- 
sclerosis elsewhere in the peripheral vasculature, es- 
pecially in younger patients; 5) contemplated major 
operation of another sort, particularly open-heart sur- 
gery, and 6) a markedly ulcerated plaque. 

If prophylactic carotid surgery is to be considered, 
multiple risk factors, such as a history of hypertension, 
myocardial infarction and congestive heart failure in pa- 
tients over 65, should not be present.'* This is pointed 
up by the distressingly high long-term mortality from 
heart disease during the early years of follow-up. (Tables 
4, 5 and 9) Since no unnecessary technical risks should 
be taken, appropriate measures for cerebral protection 
must be used during endarterectomy to avoid producing 
neurologic deficits. Our recommendation is the routine 
use of a temporary inlying shunt. Operative mortality 
should be below 1% and complications no more than 2%. 

Over the years prophylactic carotid surgery has been 
recommended for the asymptomatic patient with carotid 
bruits who is about to undergo a major operation of 
another sort, where a hypotensive episode might well 
result in a stroke.'* Two recent reports question the 
validity of this indication, citing the low degree of cor- 
relation between presence of bruits and incidence of 
postoperative stroke in patients undergoing aortic 
operations.*** On the other hand, Fields? has considered 
this a valid reason for performing arteriography and 
operation in carefully selected patients, based on 
his personal clinical experience. 

The procedures which appear to carry the greatest 
risk of operation-related neurologic deficits in the pres- 
ence of carotid stenoses are the open-heart operations, 
especially those for coronary artery bypass. Mehigan 
et al.'* have reported operative strokes occurring in the 
cerebral hemisphere with known extracranial occlu- 
sions not removed prior to myocardial revasculariza- 
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tion. They and others recommend arteriographic 
study of symptomatic and asymptomatic carotid lesions 
before coronary artery surgery. If hazardous lesions 
are found, they may be repaired before, simultaneously 
with, or after the cardiac procedure, depending upon 
the situation in the individual patient.” 

Although at present, with skillful anesthetic manage- 
ment and avoidance of hypotension, the risk of stroke 
attendant upon most operative procedures in the pres- 
ence of an asymptomatic carotid stenosis is quite low, 
ischemic accidents continue to occur. In our own 
series three strokes occurred following femoropopliteal 
bypass, inguinal herniorrhaphy, and transurethral re- 
section. Patients in this category warrant serious con- 
sideration and should at the very least have preopera- 
tive evaluation by means of noninvasive tests. If 
the contemplated operation is a vascular one, where 
arteriography is obligatory, it would seem advisable to 
study the cerebral vasculature during the same x-ray 
examination, provided this poses no undue risk to the 


. patient. 


In summary, the data presented provide information 
on the natural history of patients with untreated asympto- 
matic carotid bruits originating in the internal carotid 
artery from atherosclerotic plaques, which may pre- 
dispose to strokes in certain individuals over the age 
of 40. Recently developed noninvasive screening tests 
are helpful in determining the hemodynamic significance 
of these bruits, which ultimately require arteriography 
for precise diagnosis. If hazardous lesions are dem- 
onstrated, prophylactic carotid endarterectomy may be 
performed in carefully selected patients, with minimal 
mortality and morbidity. Patients treated by operation 
appear to have a more favorable long-term out-look, 
from the standpoint of subsequent ischemic cerebral 
episodes, than their non-operated counterparts. A prac- 
tical regimen for management is presented. 
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DR. CHARLES G. Ros (Rochester, New York): I agree with every- 
thing Dr. Thompson said, but I want to add two points. 

The first one is that in our experience the best bruits are from 
those patients with stenosis of the external carotid artery, and this 
is usually not a surgical lesion. The second point is that in our ex- 
perience, a completely asymptomatic internal carotid bruit is quite 
rare. After we have examined and interviewed such a patient, we 
usually find that they have symptoms which have not been noted 
before, either by the patient or his doctor. 


Dr. RoBERrT J. BAKER (Chicago, Illinois): Dr. Thompson and his 
group have presented a comprehensive review of one of the largest 
series of carotid endarterectomies that has been reported. His re- 
sults are impressive, as befits the experience and talent of his group, 
and there is little with which one can differ. 

However, for those of us who are active in teaching centers, 
where 95% of our carotid endarterectomies are being done by surgical 
residents with one of us assisting, our experience has been that 
the use of the indwelling shunt has sometimes complicated the tech- 
nical procedure. This is certainly true in diabetic patients with ex- 
tensive internal carotid plaque. 

For that reason, we have employed a sómewhat different anes- 
thetic — basically no real change in the surgical technique — namely, 
regional anesthesia (Slide). Patients with an appropriate emotional 
set who tolerate the regional anesthesia well, and this turns out to 
be at least 95% of individuals, are candidates for regional anesthesia. 
The cervical plexus is readily blocked, at the level of C-2, 3 and 4, 
resulting in excellent anesthesia. 

(Slide) This dye, which was injected in this and in several other 
patients at the time that the local anesthetic was injected, rapidly 
diffuses vertically throughout the entire prevertebral sheath, as this 
cervical radiograph shows; therefore, one gets a very complete cer- 
vical block. In fact, there is a transverse extension of this particular 
dye column at the brachial plexus level, and often a brachial plexus 
block results, in addition. Fortunately, this is on the ipsilateral side, 
so that the surgeon doesn't become too concerned about having 
caused the weakness in the arm and the shoulder postoperatively. For 
practical reasons, we warn patients about this possibility in advance. 

With a cervical block, clamping the common, the internal and 
the external carotids provides a practical test of cerebral perfusion. 
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If the patient, awake and responding to the anesthesiologist, tolerates 
triple vessel clamping for three to four minutes, measurement of 
pressure and use of internal shunting are not necessary. The opera- 
tion is then simplified considerably for most surgeons. 

When we use an external Javid shunt, the correction of a high 


lesion with some traction on the shunt may cause the distal end 


of the Javid tube to angulate against the wall of the internal carotid 
and this can embarrass cerebral flow. This isn't noticed with a patient 
under general anesthesia, but under regional anesthesia it becomes 
apparent very quickly, as the patient becomes confused or loses 
consciousness. 

There's no question that in Dr. Thompson's hands the use of 
the shunt is part and parcel of a very simple procedure, but for 
those surgeons who are not quite so experienced there is an ap- 
propriate place for regional anesthesia, and we prefer it, since any 
difficulty with motor or cerebral function is immediately recognized. 


Dr. Jesse E. THOMPSON (Closing discussion): Dr. Rob is probably 
a better history-taker than most of us. We have observed however 
that patients called asymptomatic after being operated upon will 
frequently tell you that they do feel better in many respects and 
did have some symptoms of which they were not aware preopera- 
tively. So, I think his point is well taken. 

As for Dr. Baker, I think one should use the type of cerebral 
protection that suits the surgeon. We have found over the years, 
having used first local anesthesia and then general anesthesia with- 
out any shunt, that at the present time general anesthesia with the 
routine use of a shunt is best for us. Others, as you know, use 
selective shunts, either under local or general anesthesia, using stump 
pressures or EEG measurements. Once one becomes accustomed 
to the technique, the shunt really does not get in the way and presents 
no real hindrance. One has to use what is best for himself, as well 
as what is best for the patient. 

In closing, I should state that although an asymptomatic bruit 
usually arises from the lesion that is responsible for a TIA ora 
stroke, as these patients are followed over the years, occasionally 
deficits may occur from other lesions. This is apropos of Dr. Rob's 
statement relative to external carotid plaques, which may well im- 
pinge on the internal carotid as well. So, the bruit may be most 
important as an indicator calling attention to the patient who has 
cerebrovascular disease, whether it be in the internal carotid, exter- 
nal carotid, extracranial or intracranial. 
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the management of sepsis during central venous 
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bacterial or fungal contamination. If sepsis persi: 
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a new catheter reinserted when the fever has sut 
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ment is not recommended. Clinical experience i! 
dicates that the catheter is likely to be the prime 
source of infection as opposed to aseptically pre 
pared and properly stored solutions. 


3. Metabolic. The following metabolic complica- 
tions have been reported: metabolic acidosis, 
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these complications 
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Frequent monitoring of blood glucose is required in 
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Urinary tract infections due to Escherichia coli, Proteus mirabilis, 
Klebsiella species, and some strains of enterobacter and 
enterococci, 

Skin structure infections due to Staphylococcus aureus (penicillin- 
sensitive and penicillin-resistant), group A beta-hemolytic 
streptococci and other strains of streptococci. 

Biliary tract infections due to Escherichia coli, various strains of 
streptococci, Proteus mirabilis, Klebsiella species and Staphylococcus 
aureus. 

Bone and joint infections due to Staphylococcus aureus. 

Genital infections (i.e., prostatitis, epididymitis) due to Escherichia 
coli, Proteus mirabilis, Klebsiella species, and some strains of 
enterococci. 

Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant], Proteus mirabilis, Escherichia coli, and 
Klebsiella species. 

Endocarditis due to Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant) and group A beta-hemolytic streptococci. 
Appropriate culture and susceptibility studies should be per- 
formed to determine susceptibility of the causative organism 

to ‘Ancel’. 

Contraindications: ANCEF (STERILE CEFAZOLIN SODIUM, 
SK&F) IS CONTRAINDICATED IN PATIENTS WITH 
KNOWN ALLERGY TO THE CEPHALOSPORIN GROUP 
OF ANTIBIOTICS. 

Warnings: BEFORE CEFAZOLIN THERAPY IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPH- 
ALOSPORINS AND PENICILLIN, CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN CAUTIOUSLY IN 
PENICILLIN-SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE EPINEPHRINE AND OTHER EMERGENCY 
MEASURES. 


There is some clinical and laboratory evidence of partial cross- 
allergenicity of the penicillins and the cephalosporins. Patients 
have been reported to have had severe reactions (including 
anaphylaxis) to both drugs. 

Any patient who has demonstrated some form of allergy, par- 
ticularly to drugs, should receive antibiotics cautiously. No 
exception should be made with regard to ‘Ancef’. 

Usage in Pregnancy: Safety of this product for use during 
pregnancy has not been established. 

Usage in Infants: Safety for use in prematures and infants under 

1 month of age has not been established. 

Precautions: Prolonged use of 'Ancef' may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 

When ‘Ancef’ is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on 'Ancef' has occurred with Clinitest? 
tablets solution. 

Adverse Reactions: The following reactions have been reported: 
Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. Blood: Neutropenia, leukopenia, 
thrombocythemia and positive direct and indirect Coombs tests 
have occurred. Hepatic and Renal: Transient rise in SGOT, SGPT, 


BUN and alkaline phosphatase levels has been observed without 4 


clinical evidence of renal or hepatic impairment. Gastrointestinal: 
Nausea, anorexia, vomiting, diarrhea, oral candidiasis (oral 
thrush) have been reported. Other: Pain at site of injection after 
intramuscular administration has occurred, some with indura- 
tion. Phlebitis at site of injection has been noted. Other reactions 
have included genital and anal pruritus, genital moniliasis, and 
vaginitis. 

How Supplied: Ancef® (sterile cefazolin sodium, SK&F)— 
supplied in vials equivalent to 250 mg., 500 mg., or 1 gram of 
cefazolin; in “Piggyback” Vials for intravenous admixture 
equivalent to 500 mg. or | gram of cefazolin; and in Pharmacy 
Bulk Vials equivalent to 5 grams or 10 grams of cefazolin. 





Smith Kline &French Laboratories 
Philadelphia, Pa. 


SKSSF 


a SmithKline company 


People need vitamins every day 
when they are healthy. 













Each 10 cc. ampul* or 5 cc. Concentrate vialt* provides: 


BEEN ADIIT IG (oP aeo ss bps eS Ee SARs coda cesa VE ONSE 500 m 

Vitamin A* ........... RAE du A URN C Spem 10,000 I.U 
Vitamin D* m DOSIKUTOrOl) oue er ec x1S2NLI8R oo es 1,000 I.U 
Thiamine H (Bs) Phin zlub.on Wa ee» d cq Wee VOIE Sa A 50 mg 
veio LL E ea TEE ern aay a Mem o: 10 mg 
ow decia a Oo os ck oid ck Cheah dese tek. Ne ae 15 mg. 
PINES Be i ein ako CONDES 100 mg. 
WOXpEInPengl "accidente Sie Geen EDS 25 mg. 
Vitamin E* (dl-alpha tocopheryl acetate) ..................... oT 


With sorethytan laurate 1%, sodium hydroxide 1%, butylated hydroxy- 
toluene 0.003%, butylated hydroxyanisole 0.000896; and gentisic acid 
ethanolamide 2% as preservative. 

With propylene glycol 3096 and gentisic acid ethanolamide 296 as sta- 
bilizers and preservatives, sodium hydroxide for pH adjustment, soreth- 
ytan laurate 1.6%, butylated hydroxytoluene 0.00695, butylated 
hydroxyanisole 0.001596 

Oil-soluble vitamins A, D and E water solubilized with sorethytan 
laurate. 

In Concentrate as riboflavin-5-phosphate 


PRODUCT INFORMATION 


INDICATIONS: in emergency feedings- Surgery, extensive burns, frac- 
tures and other trauma, severe infectious diseases, comatose states, 
etc. may provoke a "stress" situation with profound alterations in the 
body's metabolic demands and consequent tissue depletion of 
nutrients. As a result, wound healing may be impaired, enzyme activity 
disturbed, hematopoietic tissues affected: hypoproteinemia and 
edema may appear; convalescence is thus prolonged. 

In such patients M.V.I. (administered in intravenous fluids under proper 
dilution) contributes optimum vitamin intake toward maintaining the 
body's normal resistance and repair processes. 


Do they need them less 
when they are sick? 


Patients receiving 
IV feeding need 
fat- and water- 
soluble vitamins 
every day. Adequate 
stores of fat- 
soluble vitamins 
should not be taken 
for granted. 


M.V.I?— the only major 
multivitamin for infusion 
that supplies both water- 
soluble and fat-soluble 
vitamins in one preparation* 


*Vitamin K, vitamin B,, and folic acid are optional additions 


to parenteral nutrition programs 


In IV feeding... 
® EVERY DAY 





(Multi-Vitamin 
E VESE Infusion) 
The most comprehensive major 


parenteral multivitamin product 


DIRECTIONS FOR USE: M.V.I. is ready for immediate use when added 
to intravenous infusion fluids. 

For intravenous feeding, one daily dose of 10 cc. of M.V.l. or 5 cc. of 
M.V.l. Concentrate added directly to not less than 500 cc.. preferably 
1,000 cc., of intravenous dextrose, saline or similar infusion solu- 
tions ...plasma, protein hydrolysates, etc. 

PRECAUTION: Allergic reaction has been known to occur following 
intravenous administration of solutions containing thiamine. 

CAUTION: Not to be given as a direct undiluted intravenous injection 
as it may give rise to dizziness, faintness, etc. 

THERAPEUTIC NOTE: Intravenous use should be discontinued as 
early as practical in favor of an intramuscular or oral vitamin prep- 
aration, if deemed advisable. 

HOW SUPPLIED: M.V.I.—10 cc. ampuls, boxes of 25 and 100 (NSN 
6505-00-455-9955/NSN 6505-00-424-98084A ). 

M.V.I. CONCENTRATE -5 cc. vials, boxes of 25. Available in 100s only 
(NSN 6505-00-212-61564). 





USV Laboratories. Division 


USV Pharmaceutical Corp 
LABORATORIES Tuckahoe. N.Y 10707 





Injectable Valium’(ciazeopam) reduces 
anxiety associated with pain 


In the postoperative patient, pain is a major stress that can compound other 
psychological stresses of hospitalization, e.g., separation anxiety, fear of 
injury to the body’s integrity. The excess anxiety generated by the patient's 
perception of or emotional response to pain may itself intensify the pain.' 
Used adjunctively with analgesics, Injectable Valium provides a prompt 
calming action for the anxiety associated with the pain. 


Narcotic analgesic dosage can and 
should be reduced 


When Injectable Valium is used with narcotic analgesics, dosage of the 
narcotic should be reduced by at least one-third. In some cases use of a 
narcotic may not be necessary. 

1. Wallace PGM, Norris W: BrJ Anaesth 47: 113-120, 1975 


2. Strain JJ: The problem of pain, in Psychological Care of the Medically Ill: A Primer in Liaison Psychiatry, 
edited by Strain JJ, Grossman S. New York, Appleton-Century-Crofts, 1975, pp. 93-107 
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adjunctively for excess anxiety 
associated with pain 


ROCHE 


Please see following page for a summary of product information. 


Iniectable 


Valiu 





Ready-to-use 2-ml Tel-E-Ject® 
(disposable syringes) 
2-ml ampuls, 10-ml vials 


m 
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5 mg/ml 





O promptly controls anxiety/ 
tension before and after surgery 


[1 reduces anxiety associated with pain 


O narcotic analgesic dosage can 
and should be reduced 


O use with care in elderly very ill and 
those with limited pulmonary reserve 


(See Warnings section below) 


can help the surgical patient every step of the way 


Please consult complete product information, a 
summary of which follows: 


Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
lirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 

Contraindications: Hypersensitivity; acute narrow 
angle glaucoma; may be used in patients with 


open angle glaucoma receiving appropriate therapy. 


Warnings: Jo reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used l.V.: 
inject slowly, taking at least one minute for each 5 
mg (1 ml) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly I.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least ¥, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 
Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 
Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 
Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 


Not recommended for OB use. 


Efficacy/safety not established in neonates (age 
30 days or less); prolonged CNS depression ob- 
served. In children, give slowly (up to 0.25 mg/kg 
over 3 minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 to 30 min- 
utes. If no relief after third administration, appro- 
priate adjunctive therapy is recommended. 
Precautions: Although promptly controlled, sei- 
zures may return; readminister if necessary; not 
recommended for long-term maintenance therapy. 
If combined with other psychotropics or anticon- 
vulsants, carefully consider individual phar- 
macologic effects—particularly with known com- 
pounds which may potentiate action of Valium 
(diazepam), i.e., phenothiazines, narcotics, bar- 
biturates, MAO inhibitors, antidepressants. Pro- 
tective measures indicated in highly anxious pa- 
tients with accompanying depression who may 
have suicidal tendencies. Observe usual precau- 
tions in impaired hepatic function; avoid accumu- 
lation in patients with compromised kidney func- 
tion. Laryngospasm/increased cough reflex are 
possible during peroral endoscopic procedures; 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 
venous thrombosis/phlebitis at injection site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, blurred 
vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest have been 
reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic 
blood counts, liver function tests advisable during 
long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 
Dosage: Usual initial dose in older children and 
adults is 2 to 20 mg I.M. or I.V., depending on 
indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute 
conditions injection may be repeated within 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debilitated pa- 
tients and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

|.V. use: inject slowly, take at least one minute for 
each 5 mg (1 ml) given. Do not use small veins, 


i.e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solu- 
tions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium (diazepam) di- 
rectly I.V., it may be injected slowly through the 
infusion tubing as close as possible to the vein 
insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg 
I.M. or I. V. and severe psychoneurotic reactions, 
5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or I. V. initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger doses); in 
children, administer I.V. slowly; for tetanus in in- 
fants over 30 days of age, 1 to 2 mg I.M. or I.V., 
repeat every 3 to 4 hours if necessary; in children 
5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive 
seizures (l.V. route preferred), 5 to 10 mg adult 
dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat 
in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use cau- 
tion in presence of chronic lung disease or un- 
stable cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 0.5 mg 
slowly every 2 to 5 min., up to 5 mg (I.V. preferred). 
Children 5 years plus, 1 mg every 2 to 5 min., 

up to 10 mg (slow l.V. preferred); repeat in 2 to 4 
hours if needed. EEG monitoring may be helpful. 


In endoscopic procedures, titrate I. V. dosage to 
desired sedative response, generally 10 mg or 
less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if |.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes 
prior to procedure. As preoperative medication, 
10 mg !.M.; in cardioversion, 5 to 15 mg I.V. within 
5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled 
with injectable form, patient may be placed on 
oral form if further treatment is required. 
Management of Overdosage: Manifestations in- 
clude somnolence, confusion, coma, diminished 
reflexes. Monitor respiration, pulse, blood pres- 
sure; employ general supportive measures, l.V. 
fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, 
boxes of 1; Tel-E-Ject* (disposable syringes), 2 
ml, boxes of 10. Each ml contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% 
ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 ; 
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Full Leg Anti-Embolism Stockings 


Bi Side panel and waist belt assure lil Pressure break protects critical 
reliable continuous non-slip popliteal area and insures free 
protection movement 

E Graduated compressionfromankle W Contoured instep provides flexi- 
to upper thigh — insures optimum bility for patient exercise 
blood flow | Bl Inspection toe opens provides 

lll Seamless construction to eliminate easy access for medica 
harsh ridges examination 





KENDALL 


INNOVATORS IN PATIENT CARE 


Contraindications: Stockings may not be recommended for patients with the following: 1. Any local leg condition in which stockings would inter- 
fere, such as: a. dermatitis, b. vein ligation (immediate post-operative), c. gangrene, d. recent skin graft. 2. Severe arteriosclerosis or other ischemic 
vascular disease. 3. Massive edema of legs or pulmonary edema from congestive heart failure. 4. Extreme detormity of leg. 5. For thigh length, pa- 
tients with a circumference greater than 25 in. (63.5cm) at the gluteal furrow. For full-leg (X-S,S,M,L), patients with a circumference of 25 in. 
(63.5cm) or greater at the gluteal furrow. For full-leg (X-L), patients with a circumference greater than 32 inches (81.3cm) at the gluteal furrow. 
Precautions: 1. Proper sizing and application must » assured. 2. For full-leg style T.E.D. Stockings avoid interference of side panels or waistband 
with incisions, drainage tubes, cithetes or other exterior devices. 

Warnings: Caution: Federal (U.S.A.) Law restricts this device to sale by or on the order of a physician. 


© 1978, The Kendall Company lil Hospital Products lil One Federal Street ll Boston, MA 02101 


S le In patients with serious bacterial infection, the 
e cting choice of antibiotic therapy is usually made on the 
an aminoglycoside: basis of the effectiveness-to-risk ratio. This considera- 
tion is particularly important when an aminoglycosid 
4^ antibiotic is indicated. 

The activity of Nebcin* (tobramycin sulfate, Lilly) 
againsta wide range of gram-negative organisms is 
now well known. A review of worldwide literature 
shows "that tobramycin has significant antibacterial 


activity and that it is the most potent of all aminogly- 
cosides against P. aeruginosa. The antibacterial 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species. | including burns 
Nebcin is indicated in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 











serious lower respiratory infections 
gastrointestinal infections, including 
peritonitis 


Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity: 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory, processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
elycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity.’ The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients).4 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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tobramycin sulfate 


80 mg*in 2-ml ampoules 
*Equivalent to tobramycin. 





Please see following page for a brief summary of the prescribing information. 
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tobramycin sulfate 





Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Rena! and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coii, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 


the causative organisms are not susceptible to antibiotics having less potential toxicity. 


Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides — I.M. /I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6 x serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 
(Total, 5 mg/kg/day) 


ml/dose* 


Usual Dose for 
Serious Infections 


For Patient 
Weighing 
kg Ib 


1 mg/kgq8h 
(Total, 3 mg/kg/day) 
ml/dose* 


3 ml 5 ml 
2.9 ml 4.75 ml 
2.75 ml 4.5 ml 
2.6 ml 
2.5 ml 
2.4 ml 
2.25 ml 
2.1 ml 
2 ml 
1.9 ml 
1.75 ml 
1.6 ml 
1.5 ml 
1.4 ml 
1.25 ml 
1.1 ml 
l ml 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied) 


How Supplied: Ampoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks'" (multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, 0.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c) 


Additional information available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


Sith, Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 ` 
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= Total Pancreatectomy for End-stage Chronic Pancreatitis 


JOHN W. BRAASCH, M.D., LOUIS VITO, M.D.,* F. WARREN NUGENT, M.D. 


The metabolic consequences and the clinical results of total 
pancreatectomy for end-stage chronic pancreatitis are detailed. 
This experience, accumulated between the years 1952 and 1976, 
adds 26 cases to the world’s literature, which now contains 
53 cases reported singly or in small series. The patients were 
selected on the basis of far-advanced, incapacitating disease 
in three patients and the failure of 62 previous related opera- 
tions in 23 patients. Total pancreatectomy was performed with 
a zero hospital mortality but with serious inhospital morbidity. 
After discharge, 24 patients required 55 hospital readmissions 
and 18 related surgical operations; 12 patients have died, five of 
unrelated causes. Of 14 living patients, five consider them- 
selves to be in good to excellent condition, six in fair condition, 
and three in poor condition. Twelve thought they were im- 
proved over their preoperative state. Our estimate of the re- 
sult in living patients was similar. In those 12 who died, only 
four had satisfactory results. The results are also evaluated 
relative to level of activity, presence of abdominal pain, use of 
narcotics, weight, alcohol consumption, and the efficiency of 
endocrine and exocrine replacement. In general, the procedure 
is effective for relief or amelioration of pain, but the pa- 
tients’ personalities preclude complete adaptation to the apan- 
creatic state and rehabilitation. A failure to thrive is the com- 
mon denominator. 


qs PANCREATECTOMY remains a formidable pro- 
cedure both from a technical standpoint and from 
the point of view of management of the metabolic con- 
sequences. Most reported total pancreatectomies have 
been performed for malignant disease,?:?:9:15 which im- 
plies a limited follow-up. The world's literature now 
contains 53 instances of total pancreatectomy per- 
formed for pancreatitis reported singly or in small groups, 
and with a limited follow-up period.1:45:510.11.13715.17722 
We report 26 patients with chronic pancreatitis treated 
by total pancreatectomy performed by members of our 
surgical department between the years 1952 and 1976. 
Survival, effectiveness of the procedure for relief of 
pain, results of replacement therapy for metabolic con- 
sequences, and quality of life will be assessed. 


Presented at the Annual Meeting of the American Surgical As- 
sociation April 26~28, 1978, Dallas, Texas. 

* Current address: 444 Angell Street, Providence, Rhode Island 
02906. 

Reprint requests: John W. Braasch, M.D., Department of Sur- 
gery, Lahey Clinic Foundation, 605 Commonwealth Avenue, Bos- 
ton, Massachusetts 02215. 


From the Departments of Surgery and Gastroenterology, 
Lahey Clinic Foundation and the New England 
Deaconess and New England Baptist Hospitals, 
Boston, Massachusetts 


Clinical Material 


Of the 26 patients, 16 were men and ten were women; 
mean age was 47 years. Fifteen admitted to alcohol 
abuse, nine had a cholecystectomy for cholelithiasis in 
the treatment of pancreatitis, and five had neither alcohol 
abuse, biliary tract calculi, hyperlipidemia, hyperpara- 
thyroidism, trauma, infection, or related drug ex- 
posure. 

Only three patients had not had a previous operative 
procedure for pancreatitis. The other 23 had had a 
total of 62 operations. Thirty-six of these procedures 
were extrapancreatic, mostly. involving the biliary tract. 
Twenty patients had a previous partial pancreatectomy, 
and six had had pancreatic duct or pancreatic cyst 
drainage. | 

The severity of the disease is evident from these 
statistics and from the data derived from preoperative 
clinical characteristics. All patients had severe pain 
and were using narcotics regularly. Nine had experi- 
enced jaundice, 11 has loose, greasy, frothy move- 
ments suggestive of steatorrhea, 25 had marked weight 
loss (average, 37 pounds), and 12 were diabetic (two 
requiring insulin). The pathologic findings at total re- 
section supported the impression of severe chronic dis- 
ease in that ten had pancreatolithiasis and the others 
showed extensive fibrosis. 

All living patients have recently been contacted by 
telephone (seven patients) or were seen in pancreatic 
clinic (six patients) with one exception. This patient 
was studied at intervals for six years until contact was 
lost. Thus, the follow-up in this group is from nine 
months to 12 years with a mean of 4.1 years. Of those 
patients who are dead, the follow-up information was 
obtained from multiple sources and is complete from 
0.2 to 16.7 years (mean, 4.9 years). 
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TABLE 1. Extent of Operation Up To and Including Time 
of Total Pancreatectomy (26 Patients) 


Number of 
Procedure Patients 
Gastrectomy 
0% 1 
25% 7 
50% 5 
7595 13 
10095 0 
Cholecystectomy 
Yes 25 
No 1 
Vagotomy 
Yes 6 
No 20 
Splenectomy 
Yes 19 


No 7 


Results 


The extent of associated procedures that were per- 
formed previous to or concomitant with total pan- 
createctomy is shown in Table 1. Thus, the majority of 
patients had a 50% or greater distal gastrectomy with- 
out truncal vagotomy but with a cholecystectomy and 
splenectomy. Reconstruction was by end-to-side cho- 
ledochojejunostomy with a distal gastrojejunostomy. 

No inhospital postoperative deaths occurred nor did 
any patient die within 60 days of the operation. Post- 
operative inhospital complications were recorded in 14 
of 26 patients, however (Table 2). None of the com- 
plications were unique to total pancreatectomy, and 
only one patient required reoperation during that ad- 
mission. 

After hospital discharge, 24 patients had 33 complica- 
tions that required 55 additional hospitalizations (Table 
3); 18 additional related operative procedures were nec- 
essary (Table 4), with the majority of these within the 


TABLE 2. Inhospital Complications After Total 
Pancreatectomy (14 Patients) 


Number of 
Complication ' Complications 
Biliary fistula (one patient reoperated) 
Heart failure, ischemia, or arrhythmia 
Pneumonia 
Pulmonary insufficiency 
Intra-abdominal abscess 
Urinary tract infection 
Lower gastrointestinal bleed 
Hypoglycemia and rib fracture 
Skin wound infection 
Ulnar neuropathy 
Intraperitoneal hemorrhage 
Septic phlebitis 


Total 
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TABLE 3. Reasons for Additional Hospitalizations 
(24 Patients) 


Number of 
Reason for Admission Admissions 
Control of diabetes 14 
Upper gastrointestinal bleeding 6 
Marginal ulcer 
Esophagitis ] 
Unknown 3 
Abdominal pain 
Myocardial infarction 
Intra-abdominal sepsis 
Malabsorption, cachexia 
Viral pneumonia 
Depression 
Wound hernia, suture abscess 
Penetrating marginal ulcer 
Thrombophlebitis 
Stricture of choledochojejunostomy 
Constipation 
Rectal bleeding 
Small bowel obstruction 
Bile gastritis 


Total 
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first two years. This high rate of complications is further 
emphasized by the fact that 12 of the 26 patients have 
subsequently died (Table 5). Of the 12 deaths, four were 
due to related causes and two to possibly related causes. 

Results of the living patients’ assessment of their 
status are shown in Table 6. In general, our evaluations 
were similar to those of the patients. The six patients 
whose overall result was classified as fair had minimal 
or no pain but complained of weakness and anorexia. 
The three who had a poor result had appreciable pair 
along with weakness and anorexia. Ten of 14 patients 
noted a weight gain postoperatively, averaging 15 pounds 
(Table 7). One patient had no change in weight, two 
had a loss averaging eight pounds, and no information 
was available in one patient. Control of diabetes was 
fairly good in 12 of 14 living patients but poor in two. 
Twelve of the 14 living patients had satisfactory con- 
trol of clinical steatorrhea. 


TABLE 4. Additional Operations After Total Pancreatectomy 
(15 Patients) 


Number of 
Procedure Procedures 
Drainage of intra-abdominal abscess 5 
Operation for upper gastrointestinal bleeding 3 
Herniorrhaphy 3 
Operation for marginal ulcer 2 
Removal of wire wound sutures 2 
Revision of choledochojejunostomy 1 
Lysis of adhesions I 
Implant of nerve stimulator m3 
Total 18 
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TABLE 5. Circumstances of Death After Total Pancreatectomy 
(12 Patients) 


Number of 
Cause Cases 

Myocardial infarction 4 
Marginal ulcer 2 
Hypoglycemia, acidosis, cerebral deterioration 2 
Fever and seizures l 
Fever and seizures with multiple drug dependencies 1 
After pulmonary lobectomy I 
Unknown: Found dead in bed ] 

Total 12 


Of the 12 patients who died, four had a good to 
excellent result overall. In six, the result must be classed 
as poor, and in two it was unknown. Five of those 
who died had a postoperative weight gain, and eight 
noted satisfactory control of diabetes (Table 7). 


Discussion 


As is evident from the number of previous opera- 
tive procedures in these patients, we are reluctant to 
carry out total pancreatectomy for chronic pancreatitis. 
This reluctance is based on an opinion, previously un- 
supported by data, that the operative mortality would 
be prohibitive, that substitution therapy was not es- 
pecially efficient, and that pain requiring narcotics 
would not be relieved. This report addresses these 
problems. 

Our postoperative mortality for this series was most 
satisfactory, as is the recent experience of others when 
pancreatectomy was performed for malignancy.!? On 
the other hand, considerable morbidity was reported 
. both in the hospital after the procedure and later be- 
cause of the consequences of major abdominal surgical 
procedures on the stomach, pancreas, and biliary tract. 

An additional price of total pancreatectomy is the 
steatorrhea and diabetes of the apancreatic state. All of 
these patients were subject to insulin reactions, as are 
essentially all patients with diabetes mellitus who use 


insulin. However, two patients who died had a de- 


teriorated mental state, probably due in part to chronic 
hypoglycemia. Two others died with seizures and fever 
of unknown cause. All four of these patients died at a 
distance from our institution, and we had difficulty 
' obtaining pertinent details of their demise. 

The control of clinical steatorrhea is somewhat easier 
to achieve since appropriate doses of pancreatic re- 
placement can ensure adequate absorption of fat in 
most patients. In two of the 14 living patients, difficulty 
was encountered controlling steatorrhea despite an in- 
creased dose of enzyme. 

Postoperative nutrition, as measured by weight change, 
can be an indication of absorption and the efficiency of 
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TABLE 6. Results in 14 Living Patients (Patients! Assessment) 


General health 


Good to excellent 5 
Fair 6 
Poor 3 
Comparison to preoperative condition 
Better 12 
Worse ZEN 
Level of activity 
Very active 4 
Moderately active 7 
Little activity 3 
Specific Information Questions 
Yes No 
Abdominal pain 6 8 
Narcotics 3 l1 
Alcohol consumption 2 12 
Employed 3 11 


replacement of pancreatic enzyme. Ten of 26 patients 
failed to gain or lost weight after total pancreatectomv. 
This record is in a group of patients who had already 
lost a mean of 37 pounds before operation. However, 
it is particularly difficult to ascribe any feature of the 
overall nutritional result to gastrectomy, pancreatec- 
tomy, enzyme replacement, or level of caloric intake. It 
must be remembered that most of these patients are 
not particularly disciplined or motivated. 

To be balanced against the deficiency state and the 
morbidity of these patients is the result in terms of re- 
lief of pain. All patients, including those deceased, re- 
ported relief of the severe epigastric pain that brought 
them to operation, although two of 14 living patients 
still consumed alcohol and three used narcotics (one 
demerol, one hydromorphone— Dilaudid®, and one 
codeine). Of 12 deceased, one was still addicted to 
demerol at death. 

The results of further assessment of the living and 
dead patients show an improvement over the preopera- 
tive state in general but a failure to normalize their 
life in the majority; thus, the common denominator is a 
failure to thrive. 

Evaluation of the result after surgical therapy of 
chronic pancreatitis is seriously handicapped by the 


TABLE 7. Metabolic Consequences of Total Pancreatectomy 
for Pancreatitis 


Dead, 
12 Patients 


Living, 


Metabolic Feature 14 Patients 


Postoperative weight 


gain 10 (average, 15 lbs) 5 (average, 11 lbs) 
Satisfactory control of 
diabetes 12 8 


Satisfactory control of 
clinical steatorrhea 12 M 
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multiplicity of factors that bear on this result. We have 
tried to simplifv this evaluation with the use of a thera- 
peutic index that assigns arbitrary values to various 
complications and the presence or absence of pain. In 
practice, this system did not improve the more usual 
evaluation employed herein. 

Our indicaticns for total pancreatectomy are mainly 
a failure to control pain with ampullary procedures 


in patients with ampullary disease, with lateral pan- - 


creatojejunostemy in patients with dilated pancreatic 
ducts, and with partial or subtotal resection in patients 
with small duct disease. We are reluctant to perform 
. total pancreatectomy in one stage. Those patients who 
stop the use of alcohol, who have reasonably stable 
personalities, and who show some semblance of self- 
discipline are the preferred candidates for the pro- 
cedure. They should also have ready access to knowl- 
_edgeable medical and surgical management for the rest 
of their life. 

The procedure should include an adequate gastric 
resection with truncal vagotomy to avoid jujunal ulcers 
and other causes of upper gastrointestinal hemorrhage. 
In this series, three of the five patients who had antrec- 
tomy without vagotomy in earlier years required ad- 
ditional gastric procedures for bleeding, pain, or perio; 
ration from marginal ulceration. 

The management of the apancreatic state requires 
careful attention after operation and for the life of the 
patient. Twenty to 40 units of insulin are usually re- 
quired, adjusted to the calories required to support the 
patient’s usual activity. Blood sugar levels ranging be- 
tween 150 and 250 mg/100 ml are satisfactory. The 
greatest hazard in the management of apancreatic dia- 
betes is insulin shock. Patients should not be discharged 
from the hospital until the caloric intake and the insulin 
dose are stabilized, and the patient thoroughly under- 
stands the fine points of control. During the last days of 
' the hospital stay, patients should be encouraged to be 
physically active. Frequent outpatient visits are es- 
. sential for the first few months. 

The dose of pancreatic enzyme? is adjusted by the 
characteristics of the stool studies in the short term and 
the weight curve in the long view. Usually four tablets 
' of pancreatin (Viokase9) or pancrealipase (Cotazyme®) 
are given with each meal and three tablets with snacks. 
The use of an antacid or cimetidine (Tagamet®) may in- 
crease the proportion of enzyme that reaches the duo- 
denum and jejunum in patients in whom control is dif- 
ficult.'$ Decreasing the amount of fat in the diet may 
also: have a salutary effect on steatorrhea in problem 
cases. 

It is interesting to compare the results of this opera- 
tive procedure to those of 80 to 95% pancreatectomy 
as reported by Frey et al.” In their follow-up study of 
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77 patients having a major resection, 22 were in pain 
but alive, converted to total pancreatectomy, institu- 
tionalized, lost to follow-up when in pain, or dead with 
the cause related to pancreatitis. In addition, 56 of the 
77 were diabetic (45 were taking insulin) and 29 had 
clinically troublesome steatorrhea. Preservation of 5— 
2096 of the gland does not, in the majority of cases, 
prevent the deficiencies of total pancreatectomy. Fur- 
thermore, the postoperative morbidity after the lesser 
procedures of 40 to 95% pancreatectomy’ is likewise 
appreciable. 

A significant source of postoperative problems is the 
diabetes, which can be most difficult to control in this 
clinical setting. The reimplantation of the patients' own 
islet cells!? is an intriguing prospect since no immuno- 
suppression would be necessary. Advances in this direc- 
tion await refinements in the harvesting or culture of 
human islet tissue. If this technique becomes clinically 
useful, subtotal or total pancreatectomy in one stage 


. would be the preferred approach. 


Interest in total pancreatectomy for adenocarcinoma 
of the pancreas? 55 has been intensified mainly in an 
effort to improve the dismal long-term survival rate. 
Whether possible intrapancreatic spread of tumor cells 
or multicentricity of tumor genesis is a factor in this 
poor survival is not known. Also unknown are the, 


long-term results of total pancreatectomy in this set- 


ting. The limited survival of patients with carcinoma 
of the pancreas precludes the gathering of information 
on this point. For these reasons, we cannot predict 
whether total pancreatectomy for carcinoma will 
achieve the desired result, and more follow-up time is 
necessary. We have not embraced the concept of total 
pancreatectomy for malignancy as strongly as some 
but believe that total pancreatectomy is useful in pa- 
tients in whom anastomosis of the pancreas remaining 
after the Whipple procedure is hazardous because of 
the small size of the pancreatic duct and softness of 
pancreatic tissue. Proof of extension of the neoplastic 
process into the body of the gland, of course, is an ad- 
ditiohal impetus to total resection. 


References 


l. Blackburn, G. L., Williams, L. F., Bistrian, B., et al.: New 
Approaches to the Management of Severe Acute Pancreatitis. 
Am. J. Surg., 131:114, 1976. 

2. Brooks, J. R. and Culebras, J. M.: Cancer of the Pankrens: 
Palliative Operation, Whipple Procedure, or Total Pan- 
createctomy? Am. J. Surg., 131:516, 1976. 

3. Castellanos, J., Manifacio, G., Lillehei, R. C. and Shatney, C. H.: 
Total Pancreatectomy for Ductal Carcinoma of the Head of 
the Pancreas: Current Status. Am. J. Surg., 131:595, 1976. 

4. Clagett, O. T.: Total Pancreatectomy for Chronic Pancreatitis 
with Calcification. Proc. Staff Meet. Mayo Clin., 21:32, 
1946. 

5. Curchod, B. and Ryncki, P. V.: Contróle de 3 Cas de Pan- 








Vol. 188 e No. 3 


créatectomie Totale pour Pancréatite Chronique Diffuse 
Aprés 3 Ans. Schweiz Med. Wochenschr., 100:1205, 1970. 

. Fortner, J. G., Kim, D. K., Cubilla, A., et al.: Regional Pan- 
createctomy: En Bloc Pancreatic, Portal Vein and Lymph 
Node Resection. Ann. Surg., 186:42, 1977. 

7. Frey, C. F., Child, C. G. and Fry, W.: Pancreatectomy for 
Chronic Pancreatitis. Ann. Surg., 184:403, 1976. 

8. Gourevitch, A. and Whitfield, A. G.: Total Pancreatectomy. 
Br. J. Surg., 40:104, 1952. 

9. Graham, D. Y.: Enzyme Replacement Therapy of Exocrine 
Pancreatic Insufficiency in Man. Relation Between In Vitro 
Enzyme Activities and In Vivo Potency in Commercial Pan- 
creatic Extracts. N. Engl. J. Med., 296:1314, 1977. 

10. Jordan, P. H., Jr. and Grossman, M. I: Pancreaticoduo- 
denectomy for Chronic Relapsing Pancreatitis; Metabolic De- 
fects Created by Total and Subtotal Ablations. Arch. Surg., 
74:871, 1957. 

11. Mangold, G., Neher, M., Oswald, B., et al.: Ergebnisse der 
Resektions-behandlung der Chronischen Pankreatitis. Dtsch. 
Med. Wochenschr., 102:229, 1977. 

12. Matas, A. J., Sutherland, D. E., Steffes, M. W. and Najarian, 
J. S.: Islet Transplantation. Surg. Gynecol. Obstet., 145:757, 
1977. 

13. Miyamori, A., Takebe, T. and Yamagata, S.: Clinical Evalua- 
tion of Iron Metabolism in Pancreatic Disease. Contemp. 
Top. Immunobiol. 5:159, 1976. 


Cn 


DISCUSSION 


Dr. WILLIAM P. LoNGMIRE, Jr. (Los Angeles, California): The 
experiences reported by Dr. Braasch and his colleagues with their 
large series of total pancreatectomies add highly important informa- 
tion to the field of pancreatic surgery for chronic pancreatitis. From 
their experience, it seems that patients must be carefully selected for 
any type of extensive pancreatic excision, and as they have indicated, 
the side effects ofthe operation may be particularly difficult for such a 
patient to cope with. Moreover, although the pain may be eliminated 
or significantly reduced, the overall results of the operation may be 
disappointing. 

(Slide) In the past 22 years there have been 217 patients seen 
at the UCLA Hospital with a diagnosis of chronic pancreatitis, 78 
of whom have undergone operation. The majority had a history of 
alcoholism, although most had stopped drinking for some time prior 
to the operation. Indeed, we have beea particularly insistent on 
this point before proceeding with any major extirpative surgery. 

(Slide) Some type of resection has been performed in 30 of these 
patients. Twenty were treated by distal pancreatic resection (as in- 
dicated in this slide, eight of them with less than an 80% resection), 
and 12 with greater than 8095 distal resection; 10 have undergone 
a proximal or a total pancreatic resection. 


(Slide) Although in the past the majority of our patients have been - 


treated by a lateral pancreaticojejunostomy, or by less than an 8096 
distal resection, at present it is our impression that once the process 
has reached the extensive chronic phase that concerns us in this 
discussion, it is the diseased head of the pancreas that is responsible 
for maintaining the smoldering inflammation in the gland. Generally, 
the region of the head in such cases might even be considered the 
pacemaker of the disease. 

On this basis, treatment of our recent patients has usually involved 
a proximal resection. Two technical steps in this procedure should 
be emphasized: 

(Slide) First, when performing a pancreaticoduodenectomy for 
benign disease, it is unnecessary to remove an extensive portion 
of the duodenum, and therefore the pylorus may be preserved, so 
that the side effects of subtotal gastrectomy are not added to those 
of pancreatic resection. Dr. Braasch has indicated that the majority 
~ of his patients had 50% or more of the stomach resected. 

(Slide) Second, whenever possible, the distal portion of the pan- 
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creas (10—2096 of the tail of the pancreas) is preserved. Inasmuch 
of this portion of the pancreas contains the highest concentration 
of islet cells, diabetes may not be aggravated or created by an ex- 
tensive resection of this type. 

I also wish to add that in one of our recent cases of total pan- 
createctomy, the gland was prepared by Dr. L. William Traverso 
by a technique which he has developed in which the islets are re- 
implanted through the portal vein. Unfortunately, owing to the ex- 
tensive scarring and calcification present in this gland, it was dif- 
ficult to make the proper preparation. In studies performed about 
a week ago, we could detect no evidence of islet cell activity. Dr. 
Traverso has experimented on animals that have survived subse- 
quent to this transplantation for as long as two years, and therefore 
I think that this technique offers possibilities for further treatment 
in the future. 


Dr. WILLIAM H. REMINE (Rochester, Minnesota): I have been 
very interested in total pancreatectomy for some time, but not neces- 
sarily for pancreatitis. In our first report of the overall study of 
total pancreatectomy reported 36 cases. Three of those pancreatec- 
tomies were for pancreatitis; two of the patients died of the com- 
plications of alcoholism. 

In our next report, which brought our total up to 68, there were 
five patients with pancreatitis who were operated on with total pan- 
createctomy. Unfortunately, of these five patients who had the entire 
pancreas removed, the longest survival was eight years, during which 
time the patient underwent bilateral truncal vagotomy for stomal 
ulcer and then subsequently died with a massive gastrointestinal 
hemorrhage which was thought to be from esophageal varices. Two 
patients died 16 months and four months, after operation, presumably 
with diffuse cerebral damage. Both patients had courses complicated 
by persistent alcoholism, drug abuse and psychosis. Two others 
remain alive at seven and ten years. 

It's our policy now not to try to do total pancreatectomy on these 
patients if we can possibly avoid it. First of all, we're operating 
entirely for pain. They already have diabetes and they have pan- 
creatic insufficiency, at least by our criteria. 

We now try to go to splanchnic block because these people are 
going to continue drinking. If they are not alcoholics, then it might 
be safe to try total pancreatectomy. 

These patients are not very satisfactory candidates for total pan- 
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createctomy, and I urge you to follow Dr. Braasch's advice and 
not submit them to total pancreatectomy. If you can accomplish 
a splanchnic block, they can be comfortable and they can go back 
to work. 


Dr. GEORGE LYMAN JORDAN (Houston, Texas): It's apparent that 
the problem »f chronic pancreatitis continues to be a challenge in 
therapy. It would certainly seem logical that total pancreatectomy 
ought to cure that disease. We excise certain other chronic inflam- 
matory lesions involving the gastrointestinal tract with considerable 
success. In dealing with the pancreas, however, the results are not 
always good, as can be seen from the report which has just been 
given. We are certainly indebted to Dr. Braasch for this large series, 
because it is the largest currently reported in the literature in the 
treatment of chronic pancreatitis. 

There has been -eluctance to use this technique in treatment of 
chronic pancreatitis, I think, for two reasons. One has been the con- 
cern about the immediate mortality rate. The transposition of in- 
formation taken from total pancreatectomy performed for cancer 
would indicate that a fair number of these patients might die in 
the immediate period following surgery; but this really hasn't been 
the case. The mortality rate for resection of the pancreas for benign 
disease has, fortunately, been considerably less than the mortality 
rate for resection fcr malignant disease, and there being no mortality 
in Dr. Braasch's experience. This has also been the experience of 
many others. 


The real problem is the management of these patients in the post- 
operative period. In our experience, the majority of patients who 
would be considered for this are patients who tend to overindulge, 
not only on Saturday night, but Monday, Tuesday, Wednesday, 
Thursday and Friday —and Sunday — and this creates their problem. 
It is, therefore, difficult to manage their diabetic and their nutri- 
tional states. 

I have only done two total pancreatectomies for chronic pancre- 
atitis. Both were done about twenty years ago. Both survived the 
operation and lived for some period. Both had all of the problems 
which Dr. Braasch has mentioned in his presentation, with their 
diabetic state, with episodes of hypoglycemia, with septic compli- 
cations, and both ultimately died of complications related directly 
to these problems. 

For this reason, I join those who put in a word of caution con- 
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cerning the use of this operation under these circumstances and be- 
lieve that only very highly selected patients should be considered 
for the use of total pancreatectomy for the treatment of pancrea- 
titis. 

Dr. Louis Vito (Closing discussion): Dr. Longmire, we share 
your concern about the problem originating in the head of the pan- 
creas, and in our series, six of the patients had a Whipple procedure 
as the first procedure and had to go on to total pancreatectomy at a 
later time. ! 

We agree also that the reimplantation of islets would be a sig- 
nificant advancement in treating these people, and it would encourage 
us, perhaps, to continue with this type of radical removal of the 
pancreas. 

Dr. ReMine, we agree also that total pancreatectomies should 
be avoided. Splanchnicectomy has been attempted at the Lahey 
Clinic, but it's been abandoned because the results have not been 
very good. Less than 30% of the patients noted any relief of their 
pain following this procedure. 

Dr. Jordan, again, we agree that these patients should be highly 
selected before they are considered for this type of surgery. The 
Operative mortality was so good, I believe, because the surgery 
was done in stages in 23 of the 26 patients. 

In conclusion, this report proposes that total pancreatectomy has 
to remain a procedure performed as a last measure, after all other 
procedures have failed. The salvage rate, assessed by the relief of 
pain and the return to prior activity, is fair. The question has to 
be answered individually. Does the severe, incapacitating pain and 
debility of the patient with chronic pancreatitis justify a procedure 
that has a good chance of relieving the pain, but at the price of 
significant morbidity and debility, and the creation of a diabetic 
state which requires compulsive attention to avoid a disaster? 

We recommend that every effort be made to save as much of 
the pancreas as possible in treating chronic relapsing pancreatitis. 
However, after all else fails, a total pancreatectomy should be con- 
sidered. Lesser procedures, such as a septectomy and sphincter- 
oplasty, Puestow procedures, cystenterostomies, distal pancreatec- 
tomies and even Whipples should be performed first. 

Patients can be managed following total pancreatectomy, but they 
require constant medical attention. Those returning to a normal life 
style —that is, working and a normal diet —are in the minority. How- 
ever, there is some improvement in the majority. 
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The results of the Cornell Elective Surgery Second Opinion 
Program are presented. From February 1972 to January 1978, 
7053 patients were evaluated for proposed elective surgery, 
and in 27.6% of these, the operations were not approved. The 
subspecialties of orthopedics and gynecology demonstrated the 
highest rates of non-confirmation, while that for general sur- 
gery was 18%. A group of 318 patients with general surgical 
diagnoses are reviewed. The percentage of nonconfirmed sur- 
gery for this group was 15 percent. The most common reasons 
for not approving the operations were absence of pathology 
and failure to utilize medical therapy when indicated. 


LECTIVE SURGERY SECOND OPINION programs are 
designed to provide a means for obtaining at least 

one additional surgical consultation by a board-certi- 
fied surgical specialist for those patients who have been 
advised to undergo an elective surgical procedure. 
Elective surgery is defined as an operation which is 
subject to the choice or decision of the patient and 
physician and is not of an emergency nature. Surgery 
required as the result of trauma, normal vaginal deliver- 
ies, and elective abortions, are specifically excluded. 

The. primary objective of the program is to improve 
the medical care of the subscribers. These programs 
reimburse the full cost of the consultation and all an- 
cilary tests required to complete the consultation 
through the sponsoring agency or third party insurer, 
thereby removing a potential financial barrier to pa- 
tients’.access to specialty consultation. 

The consultants of the programs evaluate proposed 
elective surgical procedures. Some of these may be 
considered to be not indicated based on the physical 
findings; in sóme patients medical treatment may be 
the preferred therapy; in others, further evaluation may 
be considered essential before surgery is undertaken. 
However, it should be emphasized that these programs 
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are patient oriented and are not designed to measure 
the reliability of physicians' recommendations. 


The Cornell University Second Opinion Program 


The first elective surgery second opinion program 
was implemented by Cornell University Medical Col- 
lege and several union security welfare funds in 1972. 
The program utilizes consultation with a board certi- 
fied surgeon for evaluation of the necessity of the rec- 
ommended elective surgical procedure as the next ap- 
propriate therapeutic step. 

The consultants are based either at teaching or com- 
munity hospitals in the Greater New York City area 
and represent all of the surgical subspecialties. Accord- 
ing to the program's research design, the consultants 
may agree with the referring physician and recommend 
surgery, may suggest that the surgery is not indicated 
at present or at all, may suggest that an alternative 
method of treatment be instituted instead, may advise 
further diagnostic evaluation for the clinical problem, . 
or may suggest that surgery be performed on an ambu- 
latory basis. The recommendation for alternative treat- 
ment does not preclude the possibility of surgery being 
performed at a later date. Moreover, if the consultant 
suggests that surgery is not indicated or that the opera- 
tion be deferred, the patients'are allowed to proceed 
with the surgery. The final décision always belongs 
to the patient. A third opinion is available should an 
individual make such a request, ‘but in practice, they 
are infrequent. Consultants are assigned from the panel 
and cannot be recommended by the reférring physician. 
The consultants are not permitted to perform the 
surgery. 

There are two subdivisions of second opinion pro- 
grams: voluntary, and mandatory, depending upon the 
individual unions involved. The former implies that 
an individual recommended for elective surgery volun- 
tarily schedules a consultation. for a second opinion 
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TABLE. 1. Patients Examined in Elective Surgery Second Opinion 
Program, February, 1972 to January, 1978 


Voluntary Mandatory Total 
No. % No. % . No % 
Not confirmed 1524 33.5 424 17.0 1948 27.6 
Confirmed 3031 66.5 2074 83.0 5105 72.4 
Total: 4555 100.0 2498 100.0 7053 100.0 


through the sponsoring agency. The voluntary program 
cannot be projected to represent the universal since 
it encompasses a small self-selective population. In 
the mandatory programs, all those recommended for 
elective surgery must obtain a second opinion in order 
to receive benefits. However, benefits will be paid to 
those individuals in the mandatory programs should 
the consultant not recommend surgery and the patient 
elect to have the operation. 


It is estimated that only 10% of those in voluntary : 


programs who are eligible will seek a second opinion 
whereas 8096 of those in the mandatory programs will 
seek such consultation. Therefore a more accurate 
cross-section of surgical consultations is obviously 
seen in the mandatory programs. 

All of the patients not confirmed for elective surgery 
and a randomly selected sample of patients confirmed 
for surgery are contacted six months after their con- 
sultation, and information relating to surgical and medi- 
cal treatment is obtained. For those patients who re- 
port having had surgery, information on the type of 
surgical procedure, the necessity for medical care, and 
general health status is elicited. For those who report 
that surgery has not been performed, information con- 
cerning the type and frequency of medical treatment, 
'the reasons for not having had the surgery, and general 
health status is obtained. 

These individuals are contacted again at six month 
intervals over the ensuing 18 months and similar in- 
formation obtained. The follow-up phase of the second 


TABLE 2. Per Cent Not Confirmed for Elective Surgery 
According to Surgical Specialty 


Voluntary Mandatory 
Not Not 
Confirmed Confirmed 

————— —————— Total 
. Specialty No. No. ^6 No. No. ^46 96 
Orthopedics 707 323 45.7 203 63 310 420 
Gynecology 894 358 40.0 522 127 24.3 34.0 
Urology :324 117 36.1 158 22 13.9 28.8 
Opthalmology 344 110 32.0 217 45 20.7 27.6 


Otolaryngology 491 141 28.7 306 43 14.1 23.0 
General Surgery 1375 328 23.9 992 109 11.0 18.0 
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TABLE 3. Per Cent Not Confirmed for Elective Surgery 
According to Most Frequently Screened Procedures 


Voluntary Mandatory 

Not Not 
Confirmed Confirmed 

Procedure No. No. % No. No. % 

Surgery of the knee 158 76 48.1 48 10 20.8 
Hysterectomy 505 212 42.0 172 47 273 
Prostatectomy 147 61 41.5 29 6 20.7 
D&C 1290 43 33.3 214 40 187 
Cataract extraction 186 56 30.1 107 19 17.8 
surgery of the breast 283 80 28.3 164 22 13.4 


Surgery of soft tissue 
mass, cyst, skin lesion 701 195 27.8 438 63 14.4 


Cholecystectomy 183 22 12.0 105 1i 10.5 


opinion study may extend for one or two years from 
the date of the consultation. The length of the follow-up 
depends on the necessity for medical treatment. If a 
patient reports no such treatment for two consecutive 
six month periods, he or she is considered asympto- 
matic and no additional follow up effort 1s made. This 
phase of the program commenced in 1974. Those who 
had consultations prior to 1974 were contacted and 
the questions were asked retrospectively. Therefore, 
some patients have been followed for more than five 
years. 

The present study includes the patients not con- 
firmed for surgery and an analysis of 318 patients eval- 
uated for elective general surgical procedures. 

Analysis of the data compiled since the inception 
of the program from February, 1972, to January, 1978, 
indicates that of a total of 7,053 patients, 27.6% were 
not confirmed for elective surgery by a board-certified 
consultant. Table 1 discloses that 33.5% of those in 
the voluntary group and 17.0% in the mandatory group 
were not confirmed for surgery. 

Table 2 depicts the distribution of those not con- 
firmed for elective surgery according to the consul- 
tant’s surgical specialty. Within the voluntary group, 
45.7% were not confirmed for orthopedic conditions 
and 40% were not confirmed for gynecological condi- 
tions. Within the mandatory group 31% were not con- 
firmed for orthopedic conditions, 24.3% were not con- 
firmed for gynecological conditions, and 20.7 % were 
not confirmed for ophthalmological conditions. 

The distribution of those patients not confirmed for 
surgery according to the most frequently screened pro- 
cedures is listed in Table 3. Within the voluntary group, 
48.1% were not confirmed for surgery of the knee, 
and roughly 40% were not confirmed for hysterecto- 
mies and prostatectomies, 42.0% and 41.5%, respec- 
tively. Within the mandatory group, 27.3% were not 
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: confirmed for hysterectomies, and one-fifth were not 
confirmed for knee surgery and prostatectomy, 20.8% 
and 20.7%, respectively. 

Table 4 shows the distribution of those not confirmed 
according to the board status of the initial diagnosing 
physician. Within the voluntary group, approximately 
40% of the initial diagnosing physicians who were board 
certified in orthopedics and board certified in obstet- 
rics-gynecology, 41.1% and 39.6%, respectively 
had their original recommendation for surgery not 
confirmed by the respective board certified consultant. 
Over one-third (36.6%) of the board certified urologists 
had their recommendations for surgery not confirmed 
by a board certified consultant. Among the surgical 
-specialists there was no statistically significant differ- 
ence in the non-confirmation rate of those who were 
or were not board certified (X? = 1.94 df = 1 (Yates' 
correction employed) 0.1 > p > 9.2 N.S.). However, 
` the nonconfirmation rate of the board certified intern- 
ists was 24.9% compared to 32.7% of those who were 
board certified in other specialties, a statistically sig- 
nificant difference (X? = 5.13 df = 1 (Yates' correc- 
tion) 0.02 > p > 0.05). 

Within the mandatory group, the proportion of pa- 
tients not confirmed for surgery recommended by 
board-certified orthopedists and gynecologists was 22.6 
and 22.5% respectively. Chi square testing showed no 
significant difference between the board certified and 
the nonboard certified surgical specialists. There was 
also no statisticallv significant difference between the 
board certified internists and other board certified spe- 
cialists. 

Results from the first follow-up questionnaire, sub- 
mitted six months after the consultation reveal that 
81.8% of those patients who were not confirmed for 
surgery had not had the surgery performed. Within 
the voluntary group, 84.7% who were not confirmed 
for surgery had not had the operation, and within the 
mandatory group, 69.9%. The majority of patients 
within the voluntary and mandatory groups reported 
that they had decided against surgery on the basis of 
the consultants' recommendations. The majority of 
those who decided to undergo surgery did so within 
three months from the date of consultation and the 
most frequent reason stated was that the symptoms 
persisted or became worse. 

Results from the second follow-up questionnaire, 12 
months after the date of consultation, show that 77.796 
who were not confirmed for surgery had not had the 
surgery performed one year after the date of consul- 
tation. Within the voluntary group, 80.4% had not had 
surgery while 62.6% within the mandatory group had 
not had surgery. Of those patients who were not con- 
firmed for surgery and did not have an operation, 6096 
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TABLE 4. Per Cent Not Confirmed for Elective Surgery According to 
Board Status of Initial Diagnosing Physician 


Voluntary Mandatory 

Not Not 
Confirmed Confirmed 

Board Certification No. No. % No. No. % 

Surgery 526 126 24.0 468 44 9.4 
Ob-Gyn - 455 180 39.6 316 71 22.5 
Orthopedics 297 122 41.1 115 26 22.6 
Otolarvngology 216 62 28,7 173 27 15.6 
Urology 142 52 36.6 95 10 10.5 
Ophthalmology 183 55 30.1 134 24 17.9 
Medicine 189 47 24.9 67 9 13.4 
Other* 128 .39 30.5 85 12 14.1 


manean eeo 


Total Board Certified 2136 683 32.0 1453 223 15.3 
Total Not Board Certified 876 304 34.7 418 69 16.5 


* Includes Psychiatry, Thoracic surgery, Neurosurgery, Pedi- 


atrics, Dermatology. 


reported receiving no medical treatment in both the 
voluntary and mandatory groups. 

Two of the authors (WRG and CKMcS) have served 
as general surgical consultants to the program since 
its inception six years ago and have evaluated 318 pa- 
tients for recommended elective surgical procedures. 
The patients were referred from seven participating 
unions in the New York Metropolitan area. There were 
195 (61%) females and 123 (39%) males. The need for 
elective surgery as recommended was not confirmed 
by the consultants in 48 (15%) patients. | 

The diagnoses of the 318 patients referred for evalu- 
ation are listed in Table 5. The relative distribution 
of conditions evaluated is similar to those normally 
encountered in a general surgical practice. 

Table 6 lists the proposed elective operations which 
were not confirmed. The reasons for not endorsing 
the proposed surgery fell into six categories: no pathol- 
ogy demonstrated, medical treatment preferable, sur- 
gery deferred pending results of medical treatment, 
surgery approved on an ambulatory basis only, further 
diagnostic evaluation considered necessary, and sur- 
gery contraindicated. 

In 18 of the 48 (37.5%) patients not confirmed, no 
pathology could be demonstrated. There were seven 
patients with a diagnosis of breast tumor in whom no 
mass was evident on examination. Three patients who 
were considered for excision of benign skin lesions 
were found to have lentigos. Chronic cholecystitis in 
two patients was unconfirmed by oral cholecystogra- 
phy. The presence of a rectal polyp and an anal fis- 
sure could not be confirmed by proctoscopy and anos- 
copy in two patients, nor could an inguinal hernia be 
palpated in another. One patient recommended for lap- 
arotomy for abdominal pain after extensive negative 
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TABLE 5. Referral Diagnoses 


Chronic cholecystitis 53 

Benign breast disease 42 

Inguinal hernia 35 

Benign skin lesions . 28 

Benign anal lesions 27 

Carcinoma, breast ' 20 

Carcinoma, lung 11 

Varicose veins 10 

Thyroid disease 9 

Pilonidal sinus 

Carcinoma, colon or rectum 

Duodenal ulcer 

Benign lung lesions 

Abdominal pain 

Ganglion 

Malignant skin lesions 

Umbilical hernia 

Aortoiliac occlusion 

Femoral artery occlusion 

Hiatus hernia 

Ulcerative colitis 

Diverticulosis 

Parotid tumor 

Carcinoma, stomach 

Rectal polyp 

Idiopathic thrombocytopenic purpura 

One diagnosis of each: Lymphoma of stomach, polyps 
of stomach, carcinoma of esophagus, lymphoma of me- 
diastinum, mesenteric cyst, pericardial cyst, regional 
enteritis, splenomegaly, drug-induced purpura, unde- 
scended testis, pectus excavatum, hematoma of leg, ul- 
cer of foot, hydrocele, infected toenail bed, lipoma of 
arm, sebaceous cyst, and metallic foreign body, soft 
tissues. 18 


318 
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diagnostic evaluation was felt to have psychosomatic 
complaints. One patient with a diagnosis of gastric lym- 
phoma was found to have hypertrophic gastritis on 
gastrointestinal x-rays and endoscopy. In the remaining 
patient recommended for thyroidectomy, a normal 
gland was demonstrated. 

In 15 (31%) patients, medical therapy was considered 
preferable or had not been instituted where indicated. 
Four patients with benign anorectal disease were con- 
sidered candidates for conservative therapy. For two 
patients with uncomplicated peptic ulcer disease, an 
adequate trail of medical therapy had never been pre- 
scribed. One patient with postpartum mastitis re- 
sponded to antibiotics and did not require drainage. 
One patient with an asymptomatic nodular goiter and 
a negative scan had been recommended for thyroidec- 
tomy. In view of severe heart disease and obesity, 
the benefits of the proposed surgery did not appear 
to justify the operative risk, and medical treatment 
was advised. One patient with a small ulcer of the foot 
was felt not to require a skin graft. One patient with 
uncomplicated sigmoid diverticulosis was advised on 
diet and bowel habits. One patient with drug-induced 
purpura was not confirmed for splenectomy and sub- 
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sequently responded to steroid therapy. A patient with 
esophageal carcinoma, distant metastases, and pleural 
effusions was not approved for exploratory thoracot- 
omy. A man with a traumatic hematoma of the leg 
was felt not to require drainage and the lesion resolved 
on conservative treatment. One patient with abdominal 
pain was not considered to be a candidate for diagnostic 
laparotomy, and his symptoms responded to mild seda- 
tives. An obese female with a mildly symptomatic slid- 
ing hiatus hernia without reflux was advised on weight 
reduction and a medical regimen. 

In five patients (10%), the consultant decided that 
although surgical treatment might be necessary in the 
future, confirmation of suggested surgery was denied 
pending results of concurrent medical therapy. In one 
patient with recurrent pain from duodenal ulcer medi- 
cal therapy was reinstituted. A female with thyrotoxi- 
cosis was denied thyroidectomy until a euthyroid state 
was attained with drugs. A male referred for super- 
ficial lobectomy of a parotid mass resolved a sialadeni- 
tis on antibiotic therapy. One patient with a small anal 
fistula and another with constipation and sigmoid di- 
verticulosis were continued on conservative treatment. 

In five patients (10%) further diagnostic and medical 
evaluation was considered necessary before the pro- 
posed surgery. Two patients with abdominal pain had 
had inadequate diagnostic evaluations and were not 
regarded as candidates for laparotomy. An elderly fe- 
male with asymptomatic cholelithiasis and a recent 
massive cerebrovascular accident was not approved 
for elective cholecystectomy. A young woman with 
ulcerative colitis was referred for proposed trans- 
proctoscopic excision of pseudopolyps of the rectum 


TABLE 6. Referral Diagnoses —Surgery Not Confirmed 


No. Not Confirmed 
Chronic cholecystitis 53 3 
Benign breast disease 42 8 
Inguinal hernia 35 I 
Benign skin lesions 28 5 
Benign anal lesions 27 6 
Thyroid disease 9 3 
Duodenal ulcer 5 3 
Abdominal pain 4 4 
Diverticulosis 3 3 
Ulcerative colitis 3 l 
Hiatus hernia TE l 
Parotid tumor 3 l 
Rectal polyp 2 2 
Carcinoma, esophagus i l 
Lymphoma, stomach 1 ] 
Drug-induced purpura ] l 
Foot ulcer ] I 
Hematoma, leg I I 
Lipoma, arm i I 
Sebaceous cyst l l 
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: and this surgery was not confirmed. One patient with 
long-standing sigmoid diverticulosis and anemia of re- 
cent onset was not confirmed for sigmoid resection 
pending further diagnostic evaluation of the anemia. 

Surgery was felt to be contraindicated in one patient 
(2%), following radical mastectomy with a large asymp- 
tomatic lipoma of the ipsilateral arm. 

Surgery was approved, but on an ambulatory basis 
only, in four patients (8%). Hospitalization and gen- 
eral anesthesia had been advised for the excision of 
small benign skin lesions in two patients, excision of 
a rectal polyp in one and incision and drainage of an 
infected sebaceous cyst in another. 


Discussion 


Interesting observations may be obtained by an ex- 
amination of the type and frequency of surgical pro- 
cedures performed throughout the country. Data pro- 
vided by the National Center for Health Statistics mm- 
dicate a dramatic increase in surgical rates from 1971 
to 1975. However, the 1976 figures indicate that the 
rate per 100,000 population has decreased from the 
1975 rate. This decrease is the first noted since 1968. 
The rate of in-hospital surgical procedures per 100,000 
population was 7,805 in 1971; 8,952 in 1973; and 9,585 
in 1975. The 1976 rate declined to 9,539. The number 
of surgical procedures was 20,040,000 in 1975 and 
20,086,000 in 1976, the smallest increase since 1971.* 

Operations performed on in-patients discharged from 
short-stay hospitals in 1976 were less than those in 
1975 for many surgical procedures. For example, there 
was a 16.796 decrease in partial mastectomies from 


*— 1975 to 1976. Tonsillectomies and/or adenoidectomies 


decreased 8.2% and hysterectomies, which had in- 
creased from 1971—1975, decreased by 6.3% from 1975 
to 1976. In contrast, surgery of the back increased by 
12.8% from 1975 to 1976.* 
. Among the explanations presented fcr the rise in sur- 
gical rates, it has been suggested, that there may be 
a surplus of surgeons for the needs of the population 
and that this has led to excessive surgery.® In 1970, 
Bunker reported a comparative study of surgery in the 
United States and in England and Wales, indicating 
that for twice the number of surgeons per 100,000 of 
population in the United States, twice the number of 
operations were performed compared to England and 
Wales.! Recent manpower studies, including the 
SOSSUS Report, emphasize that many physicians per- 
forming surgery are not board certified and suggest 
that there is a need to reduce the number of surgical 
residency positions offered. 

Other studies support the hypothesis that surgical 
rates are related to the supply of surgeons.?9?7 The 
problem of an excessive number of physicians perform- 
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ing surgery may be solved in the long term by more 
stringent hospital regulations for granting surgical priv- 
ileges and by more realistic appraisal of future man- 
power needs by the professional organizations and pos- 
sibly by federal regulatory agencies. For the short- 
term, it would seem appropriate to review the reasons 
for recommended surgery before the operations are 
performed. The findings of The Cornell prospective 
study indicate that second opinion programs can mon- 
itor elective surgery without jeopardizing the health 
and well-being of the patients. 

The group of 318 patients with general surgical diag- 
noses reported in detail in this study represents a sam- 
ple of the entire program from which several conclu- 
sions can be drawn. This group confirms the validity 
of the study as a whole, and closely reproduces the 
nonconfirmed percentage of the total 2,367 general sur- 
gical cases reviewed, 15% compared to 18%. Reasons 
for nonconfirmation can be divided into six categories, 
and of these, absence of pathology and the prefera- 


- bility of medical therapy account for the majority of 


rejections. Admittedly, there will always be valid dif- 
ferences of opinion in many clinical situations. How- 
ever, it is evident that inadequate training and, ethi- 
cally questionable motives may result in inappropriate 
surgery. 

The elective surgery second opinion program may 
also be viewed as one possible means of limiting the 
increases in health care costs. While a two year eco- 
nomic study is now in progress to calculate both the 
direct and indirect fiscal benefits of the second opinion 
programs, two union welfare funds which have devel- 
oped mandatory second opinion programs have already 
reported a substantial reduction in surgical claims of 
8 and 10% in a three year period. 

Another interesting observation is the recognition 
of what we have named the *'Sentinel Effect." As the 
existence of second opinion programs becomes known, 
a decline in the rate of in-hospital surgical claims has 
been observed. This observation was also made in Sas- 
katchewan where the number of hysterectomies per- 
formed decreased by 32.8% during the period 1970— 
1974 after a study committee for retrospective case re- 
view was appointed.? 

It is evident that there is an increasing demand by 
the public for a role in the decision making processes 
relating to health care. The second opinion programs 
are patient oriented and provide a mechanism by which 
individuals are enabled to make more informed deci- 
sions. While a physician's recommedation for surgery 
is based on the advantages of such treatment to the 
patient, the ultimate decision belongs to the patient. 
The means of improving the quality of health care and 
reducing its cost are the responsibility of both physi- 
cians and patients. 
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Summary 


The Cornell elective surgery second opinion program 
has evaluated 7,053 patients since its inception in 1972. 
The need for proposed elective surgery was not con- 
firmed by a board-certified consultant in 27.6 percent 
of these patients. The conditions with the highest un- 
confirmed rates were orthopedic and gynecologic. The 
board status of the initial diagnosing surgical specialist 
was unrelated to the percentage of surgery which was 
not confirmed. 

Analysis of 318 patients with general surgical con- 
ditions disclosed that absence of pathology and failure 
to utilize indicated medical therapy were the major 
reasons for not confirming the proposed surgery. The 
second opinion programs are believed to be one means 
of increasing patients’ intelligent participation in mat- 
ters related to their health care as well as a means of 
containing the costs of this care. 


DISCUSSION 


DR. GEorGE D. ZUIDEMA (Baltimore, Maryland): Dr. Grafe and 
. his coauthors have begun to clarify some questions about what hap- 
pens to individuals whose surgery is not confirmed, and, more im- 
portantly, it tells us why the 18% of individuals recommended for 
elective general surgery were not confirmed. This is important in- 
formation which is necessary to understand the basis for the decision 
to defer operation. 

I'd like to make a few comments and ask the authors a few 
questions. 

This study shows that one year after surgery was deferred, in 
both groups, four out of five patients had not had the operation 
performed. The reverse, however, may well be significant, for one 
of the five went ahead to have the procedure performed anyway, 
and here it 1s important to ask why. Was the second opinion wrong, 
or were patients dissatisfied with the judgment of the second con- 
sultant? 

Secondly, a significant feature of this paper is to examine the rea- 
sons why 18% of patients were not confirmed for elective general 
surgery. The figures in the paper today are at variance, somewhat, 
with those in the abstract, but, in general, something under half 
of the patients not confirmed apparently would require follow-up, 
, additional medical treatment or a trial of nonsurgical therapy, at 
: least. In about half, the decision to defer operation indefinitely ap- 
pears to be a good one. | 

These findings, however, point out the need for some longitudinal 
studies, following the patients for several years, if necessary, be- 
fore drawing final conclusions regarding either outcome or cost/ 
benefit analysis. Also, there is a need to attempt to measure the 
quality of life under both surgical and medical modes of treatment, 
_and this may turn out to be an important determinant, especially 
to the patients involved. 

I would appreciate some comments regarding longitudinal studies 
of this kind. 


Dr. Francis D. Moore (Boston, Massachusetts): Dr. McCarthy 
and his colleagues have introduced a sort of a numerical, or mathe- 
matical, analysis of physician/physician and physician/patient inter- 
action. | hope that the authors will avoid the connection that has 
been made between the surgical second opinion program, which is 
a new word for an old thing—consultation— and the number of 
un-needed operations in the United States. That is a long jump. 
It is a connection they made in their abstract, but possibly have 
decided now not to make. 
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It connotes a sort of global socioeconomic role for consultation 
about surgery. After all, consultation is a part of all of medicine. 
How about a second opinion program on initiation of insulin therapy 
versus oral agents in the treatment of diabetes? How about a second 
opinion program on whether or not digitalis should be started, 
whether or not psychoanalysis should be started? 

It's all there. Disagreement does not impugn one alternative. It's 
just part of good medicine. It is interesting that cardiac surgery 
and gastrointestinal surgery are two fields of surgery where the inter- 
action between the physician and the surgeon is so close that the 
second opinion is automatic. 

I have always expected Dr. McCarthy and his group to come 
up with a study of negative first opinions. I think we ought to see 
that. How many patients who ought to have a total hip are wandering 
around with canes and crutches? How many patients that can't see 
deserve to have that cataract taken out? How many patients that 
can’t hear deserve to have a second opinion from a surgeon and 
get middle-ear surgery? And how about the patients who can’t uri- 
nate? Maybe the second opinion would let them see a urologist. 
How many of all these patients are being held away from thera- 
peutic relief by a negative and often biased, first opinion? 

So before we understand the social implications of this, we've 
got to look at both sides of the fence, and see how many patients 
in this country are being withheld from definitive therapy. surgery 
or otherwise, because of a fallacious initial opinion? . 

This program has always seemed to me a little bit one-sided. Right 
from the start, in Dr. McCarthy’s first article in the New England 
Journal of Medicine, the misquotation and misuse of these data in 
the press and in congressional hearings has really been based on a 
mystical connection between a few hundred cases of disagreement — 
here, 318 have been carefully analyzed—and the huge populational 
needs of this country. It's a jump that we're just not ready to make. 

Now, the second opinion program must involve the second opin- 
ions of peer experts— not just those instances in which a specialist 
sees the patient for the first time. I have coined a word called PESO. 
That's a good term because it is not very much money. It means 
"Peer Expert Second Opinion". This is the second opinion that 
counts — when two experts see the patients. 

Early in the program, in the case of a patient, a child, let's say, 
who couldn't void, the pediatrician might have said to the mother, 
"Maybe you need to have a bladder neck resection." Then. the 
child was seen by an experienced pediatric urologist, who said, 
“No, it's not time yet. It's the wrong age for that patient to have 
that." This goes down as a negative surgical second opinion. It is 
not. It is a first opinion. It was parlayed into some sort of a national 
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crisis. It is the PESO that counts, the Pzer Expert Second Opinion. 
That's the thing we all value, when two specialists work together, 
even in disagreement. 

With the patient with chronic pancreatitis, should the pancreatec- 
tomy be done? That's where we want the fwo opinions of surgeons 
who have done manv of them. 

This year, for the first time in nine years, HEW reports that the 
total number of surgical operations in the United States is actually 
going down. Maybe we have Dr. McCarthy to thank for part of that. 


Dr. C. RoLLIiNs HANLON (Chicago, Illinois): I have concentrated 
on the conclusions of Dr. Grafe and his associates as presented in 
the manuscript and in the final slide. It says: **The second opinion 
programs are believed to be capable of increasing patient participa- 
tion in matters related to their health care, as well as continuing 
the costs of such care.'' The verbal presentation spoke of ‘potential’ 
cost containment, which is not the same as actually saving money. 

There are two important issues: patient participation and cost. 
The introduction of the manuscript said that the study was not de- 
signed to test the reliability of the physician's recommendation, first 
opinion versus second. Rather, it is designed to increase patient 
participation. 

It's self-evident that the patient participates in every decision rec- 
ommending operation. In the primary recommendation by a surgeon, 
the patient can assent or dissent. In a later second opinion, or con- 
ceivably a third, the patient "'participation"' is the same, but patient 
confusion is immensely enhanced because he is being asked to make 
a decision in which experts, presumably (and one hopes they would 
be experts) differ. 

It is cost containment that has brought this study to national notice, 
and which has caused HEW to advocate, or even initiate, a na- 
tional second opinion program tied to Federal entitlements. The 
Health Care Financing Administration (HCFA) of HEW is sponsor- 
ing pilot programs to pay expenses of Part B Medicare beneficiaries 
who seek second professional opinions in New York and Michigan. 
The New York pilot program has told us by phone that in their 
operation so far, they "have the potential of saving $700,000” by 
virtue of the patients whose recommendations for operation were 
not confirmed. 

Close questioning of the New York program staff indicates that 
such ‘‘potential savings" do not consider costs of staff, of over- 
head, of expensive advertising for the rrogram, of the consultation 
costs and the additional tests required. To arrive at figures by taking 
400 instances of ‘‘non-confirmation’’, multiplied by an estimate of 
operative costs had the procedure been carried out, is obviously 
unreliable. 

Along with other groups, the American College of Surgeons was 
asked to discuss with HCFA a “‘policy issues paper” submitted to 
us before our meeting with Dr. Helen Smits, head of the Health 
Standards and Quality Bureau of HCFA. One option in that policy 
paper suggested that surgeons not be used as consultants, because 
they were predisposed to surgical remedies. 

I wrote to Dr. Smits after our March conference to confirm some 
points in the discussion. I read now from that letter, because it 
has been disseminated (not by the ACS) to the national wire serv- 
ices, who have been calling the College to ask if I said the following: 
"If surgeons should not consult because they are predisposed to 
surgical remedies, this suggests that the aim of the consultation 
program is not to arrive at some uniformity of informed opinion, 
but rather to select consultants with some bias against surgical ther- 
apy. The ultimate economy in the use af surgical therapy might be 
achieved by enlisting faith healers to provide second surgical opinions." 

I did write that, and I indicated as well that such consultation 
might serve equally well to limit questiorable or costly medical ther- 
apy, should the government turn its attention to this vast arena 
for the expenditure of public funds. As a less extreme but com- 
parably illogical alternative, I suggested that one might use a panel 
ef surgeons to provide second opinions on recommended medical 
therapy. 

Setting implausible alternatives aside, I seriously recommend that 
if we are to embark on a second surgical opinion program, let us 
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have genuine surgeons as parties of the first and second part. There 
is no adequate demonstration, to my knowledge, that this program, 
as it has thus far been used, will contain costs, and I believe the 
idea of increased participation of the patient is, unfortunately, a 
fallacy, because the patient is only confused. Indeed, his faith in sur- 
gical or other therapy is not enhanced, but diminished. 


Dr. Mark M. RaviTCH (Pittsburgh, Pennsylvania): I rise to ask 
a couple of relatively simple questions, because it seems to me 
the study is flawed. I did not hear it said whether the panels were 
precisely equivalent. I did not hear it said that the second surgeons 
knew that they were giving a second opinion. There might be a 
certain pleasure in feeling that you had reversed the first opinion, 
and that you were, therefore, a better guy, or a sounder physician. 

I wonder why 6096 of the duodenal ulcers were not confirmed 
by the second surgeon. Are the panels equivalent? Were the people 
in the second opinion panel superior to those in the first, in their 
training and reliability? I would emphasize the remarks that Dr. 
Zuidema and Dr. Moore made a little more obliquely. What hap- 
pened to the patients who weren't operated upon, and do we equate 
withholding operation with a positive good for our patients? 


Dr. JosePH E. MURRAY (Boston, Massachusetts): I don't want 
to get involved in the political or economic implications of the ques- 
tion, but as I listened to this report, I was struck at the degree 
of conformity between the first and second consultants. Seeing the 
reasons for the nonconfirmation put up there, there seemed to be 
an honest difference of opinion that we might get between any al- 
ternate therapies. 

For example, the parotid mass which was cited might have been 
just a stone which was dislodged and might turn out to be a chronic 
sialadenitis that doesn't often come to therapy; the same explanation 
could apply to the skin lesions. So somehow I think we should 
turn this around into the positive and realize that doctors do have 
honest differences of opinion. Frankly I was surprised at how few 
differences exist between the first and second consultants. l 


Dr. EUGENE G. MCCARTHY (Closing discussion): I'd like to tease 
Dr. Moore and Dr. Hanlon about not reading the manuscript. One 
of the problems we have found has been that there has been pirating, 
misquoting, and lifting of figures without careful analysis of what 
we've said and what we're trying to show. 

I do want to impress upon you that the program is a consumer 
program. Laced through all the comments is always the question: 
Are you evaluating surgical care? Basically, we are not. This is 
not a structured program to do that. That's one of our problems, 
particularly when we discuss this with technical audiences in grand 
rounds for example. 

Dr. Hanlon talked about patient participation. One of the fascinat- 
ing aspects of this program is as follows. Consultation has been 
with medicine since time immemorial; in that I concur, obviously. 
Yet we have found in our program, and in all the Blue Cross programs 
around the country, that 50% of the patients request that the first 
physician — who, in the vast majority of cases, is a surgeon—-not 
be notified that they are requesting a second opinion. So I leave 
that with you, the question of confidence, the question of the ade- 
quacy of a dialogue. 

Now, the point about savings. With reference to the Blue Cross 
Plan in New York—-actually, the $700,000 didn't relate to the savings 
in anesthesia costs or surgical physician costs; they just related 
to the hospitalization costs. 

Our savings are really twofold and this is important to understand. 
The rnanuscript talks about the sentinel effect. We have shown con- 
sistently that as our groups go from a voluntary program to a man- 
datory program — we have now about 200,000 insured under a man- 
datory program — there is a 12% drop in surgical claims. The nature 
of the mandatory program has driven them to use other insurance 
or to pay out of pocket. Once the patient says, "Well, I have a 
mandatory second program," a personal encounter between the 
surgeon and the patient has taken place. 

Interestingly enough, Group Health Insurance, which has a pro- 
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gram for the City Employees of New York, wanted to make sure 
that the first surgeon did recommend surgery; so their office, using 
nurses, called the initial surgeon to verify the patient’s request for 
a second opinion, to make sure that surgery was the next thera- 
peutic step. In 11% of those cases the initial recommending sur- 
geon changed his mind. 

Dr. Moore’s question about negative consultation is very impor- 
tant. We’ve just not had any particular group willing to finance 
the program in terms of the way it should be structured from an 
investigative point of view. One thing that you should keep in mind 
—aithough we don't have it in this manuscript, but we have reported 
it consistently —is that when we went back and followed the con- 
firmed individuals—-as you know, out of 7000 cases, roughly 4500 
are confirmed — we consistently have found that 15% of the con- 
firmed patients, those who have had two recommendations for sur- 
gery, still do not have surgery performed. 

My colleagues at Payne Whitney or at Columbia Presbyterian 
psychiatry department, say ‘‘This is nothing more than denial." We 
have initially looked at these cases, and we find that 70% of those 
cases would be judged by you gentlemen to be very serious surgical 
problems. 

On the other hand, we have recruited patients to surgery. Ob- 
viously, we have motivated people who did not really want surgery, 
or did not think they needed surgery, or whatever their motivation 
was, after they saw the second opinion consultant and were con- 
firmed for surgery. 

We are asking the National Health Survey, which goes into the 
field, as you know, every month, to include a question in their 
survey to find out how many people who had entered the medical 
care system —as you know, we go to great efforts to get people 
into the medical care system — have been told to carry out a very 
bona fide therapeutic regimen and for a variety of reasons walk 
away from it. 

Dr. Moore has told me many times: Why don't we put the search- 
light on the question of medicine and other types of programs of 
medical care? This is a legitimate question, but I want to bring 
to your attention that you're dealing with medical care costs and 
medical care premiums for populations that are covered by the Taft- 
Hartley types of welfare funds— which, by the way, are second 
only to the government in terms of coverage —in which 40% of the 
costs of premiums are related to in-hospital surgery. Primarily be- 
cause of its dollar impact, surgery has been, at least initially, the 
first to be investigated. 

Now, the question, I think, that is most confusing in our study 
—and this goes to what Dr. Zuidema brought up. You have just seen 
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the differences of opinion of two men —occasionally a woman —jux- 
taposed by two weeks in a prospective study. We are now doing 
a follow-up study whereby we are phoning the individuals every 
six months for at least two years. Now, let me discuss what we 
have found in our first year of follow-up. I'm only focusing on the 
mandatory program because that's where you see the greatest cross 
section of surgical care. The voluntary program is too self-selected 
to make any projections on. We find that within 90 days from the 
consultation better than 80% of the individuals have surgery 
performed. 

Dr. Zuidema said, ''What was the reason for those having sur- 
gery?” Reasons basically split approximately 50/50; namely, 50% 
where symptoms persisted or worsened, and 5096 where the indi- 
vidual elected the advice of the first observing surgeon. 

In conclusion, I'd like to speak of the cost component. The reason 
why well over 100 third-party payers, Blue Cross and the commercial 
carriers, self-insured groups, etc, have gone into this program is 
primarily the fact that all of the Taft- Hartley funds, or the manage- 
ment funds —those outside of government, which are primarily the 
purchasers of care in this country —are desperately looking for cost 
control containment programs. Every one of these funds—and I am 
familiar with several of these boards in New York, Detroit, Chicago 
and Boston—are faced with a critical problem, and we have to, 
obviously, be a party to its solution. They just cannot afford, under 
collective bargaining, to continue to swallow an average 1676 growth 
in premiums. 

The recession had a chilling effect on these funds. There's no 
question that the second opinion program is not related to anything 
in medicine but related to the recession of '74 and 9». Those 
funds had disastrous actuarial problems. 

Most of the audiences that I talk to are such wellknown medical 
groups as the Association of Manufacturers, the Chambers of Com- 
merce and employee Taft-Hartley welfare insurance plans. They 
are all desperately looking for mechanisms—effective mechanisms, 
—for cost saving. 


It's extremely important to note that, as Dr. Moore pointed out, 
the 23% rise in surgery that occurred between '71 and '75 has topped 
off. We will know the '77 figures by August or early September 
this year, which will help to verify a decrease in the rate of surgery 
after a nine-year period of continued increase. —— 


There is no question that the rise in surgical in-hospital care in 
the '70's has been the major utilization factor for the rise in health 
care costs. That is why the searchlight is on, and on surgery at this 
time. 


Myocardial Revascularization: 


A A Rebuttal of the Cooperative Study 


GEORGE C. KAISER, M.D., HENDRICK B. BARNER, M.D., DENIS H. TYRAS, M.D., JOHN E. CODD, M.D., 


From January 1972 through December 1974, at Saint Louis 
University Medical Center (SLU), 345 patients similar to those 
of the VA Cooperative Coronary Artery Study received CABG. 
Operative mortality was SLU 2.3%, VA 5.6% (p « 0.05). 
Perioperative myocardial infarction rate was SLU 8.4%, VA 
18% (p < 0.005). One year graft patency was SLU 87%, 
VA 71%; all. grafts patent SLU 76%, VA 54%; at least one 
graft patent SLU 96%, VA 89%. SLU angina pectoris relief at 
five years was 90%. SLU patients free of myocardial infarc- 
tion five years postoperatively was 83%. Comparative cumula- 
tive four year survivals were: 


VA 
SLU Med. Surg. 
o o 9t 

Left main coronary 

stenosis = 50% 

(LMC) 98* 64* 93 *p < 0.0001 
Entire group excluding 95*r 86* 85+ *p < 0.0003 

LMC tp < 0.0001 
Single vessel disease, 

normal and abnormal - 

LV 98 98 98 
Double vessel disease, 

normal and abnormal 

LV 97 87 83 
Triple vessel disease, — 

normal and abnormal 

LV 92 74 89 
Triple vessel disease, 

abnormal LV 92* 79* 84* *p « 0.02 
Double & triple vessel 

disease, abnormal LV 93* 81* 82* *p « 0.002 


Cumulative four-year survival in 272 SLU patients (79%) 
completely revascularized was 94%, compared to SLU entire 
group of 95%, VA medical 86% (p < 0.002) and VA surgical 
85% (p < 0.002). Comparing 1972-74 SLU results to VA 
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medical and surgical groups, CABG prolonged life in patients 
with double and triple vessel disease and in those completely 
revascularized. l 


ELIEF OF ANGINA PECTORIS is a well recognized 
benefit of coronary artery bypass grafting (CABG). 
Improvement in myocardial function is not as well doc- 
umented as is improvement in the patient’s functional 


capacity. The effect upon the length of life remains un- 


determined. Although not pivotal in the decision as to 
treatment in many categories of the disease, it is a 
highly important consideration. Assessing the effect 
upon the length of life of CABG as compared to non- 
operative treatment is one of the anticipated benefits of 
several cooperative randomized clinical trials now be- 
ing conducted. The preliminary results of one of these, 
the VA Cooperative Coronary Artery Study, have re- 
cently been reported.??:4 CABG failed to show any 
improvement in four year survival in their study ex- 
cept for left main coronary artery stenosis. Our ex- 
perience at Saint Louis University Medical Center, for 
the same period, January 1972 through December 1974, 
is at variance with this report. We have reviewed our 
results with operation in a similar group of patients and 
compared them with those reported by the VA Co- 


operative Study. This comparison is the basis of this 
report. 


Method and Patient Population 


Coronary artery bypass grafting was employed in 
treating 550 patients at Saint Louis University Medical 
Center (SLU) during the three year period, January 
1972 through December 1974. At the same operation, 
43 patients had left ventricular aneurysmectomy and 


. 17 had valve replacement. These 60 patients are ex- 
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cluded from the study. In order to match the.exclusions 
from the VA study, further exclusions were 91. patients 
who had one or more of the following: unstable angina 
pectoris (50), congestive heart failure (16), myocatdial 
infarction within six months (25). The remaining :399 
patients were capable of being characterized into groups 
comparable to the 686 patients. in fhe VA study who 
were randomized to operative (332) and non- operative 
treatment (354). a 

Our operative. technique included - iodi hypo- 
thermia. moderate hemodilution, extracorporeal ‘Cir- 
culation. Intermittent myocardial ischemia was used 
for distal anastomoses, with periods of: perfusion be- 
tween periods of aortic cross-clamping. The heart was 
usually defibrillated after each aortic unclamping. Some 
distal anastomoses, usually to the right coronary artery 
(RCA), were. performed with local occlusion. of the 
individual vessel with the heart beating. Myocardial 
preservation was achieved by core cooling and topical 
Ringer’s lactate ice- -slush. Left ventricular venting 
(through the right superior pulmonary vein) was rarely 
used. Venting through the left ventricular apex: was 
not used. Continual or prolonged electrically induced 
ventricular fibrillation was not employed. - 

The saphenous vein. was taken from the thigh to 
the calf. Aortic anastomoses were performed prior to 
institution of cardiopulmonary bypass with a single 
hood. All distal anastomoses were performed with 
-continuous 6-0 or 7-0 Dacron® suture. Although vein 
was used in the majority of instances, in 30% the in- 
ternal mammary artery (IMA) was used as a conduit, 
usually to the left anterior descending artery. No in- 
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‘ternal mammary mplantations. s were performed. En- 


darterectomy was rarely used and only in the RCA. 
Mean graft flow was measured intraoperatively by elec- 
tromagnetic flow meter in all patients. Basal and re- 
active hyperemic flows and that following graft injec- 
tion of 15 mg of Papaverine hydrochloride were re- 
corded.’ A total of 722 grafts were employed in the 
345 patients (excluding 54 with left main coronary 
stenosis): 508 venous and 214 IMA, an average of 2.1 
grafts per patient. It was judged that complete revascu- 
larization was achieved at operation in 79%. 

The patients have been followed for an average of 
56.9 months (range 40-75 months). Each patient has 
been followed at yearly intervals by direct visit, hos- 
pitalization, or by telephone interview. Additional in- 
formation has been obtained from hospital records and 
contact with referring physicians. Four per cent of the 
patients have been lost to follow-up (96% complete 
follow-up). Most patients were readmitted for coronary 
angiography and left ventriculography. They were per- 
formed postoperatively in 94% of the patients at one 
month, 74% at one year, 53% at three years, and 62% 
of those eligible at five years. A =50% narrowing of the 
luminal diameter was considered a significant coronary 
artery stenosis. Left ventricular function was graded 
by assessing segmental ventricular wall motion in the 
RAO projection as previously described." Cumulative 
survival, myocardial infarction rates, and angina 
pectoris status, have been calculated by actuarial meth- 
ods.* Statistical comparison was carried out by the 
normal standard deviant test. In a few instances, Chi 
Square analysis was used. For life table comparison, 
a population matched for age, sex and race was ob- 
tained from the U.S. Life Tables for the years 1972 
through 1974.19 


Results 
Left Main Coronary Lesions 


Left main coronary luminal diameter reduction of 
5096 or greater was judged to be the basis for chronic 
stable angina in 54 of our 399 patients. There was no 
operative loss in this category. The four year survival 
was 9896 (Fig. 1). There were 44 patients treated by 
operation in the VÀ report.!! Although there was some 
operative loss (6.8%), there were 93% surviving at 
four years. In the 46 non-operated patients in the VA 
study, only 64% survived four years. Left main coronary 
artery lesions, therefore, have generally come to be 
considered as highlv favorable for operative treatment. 


Coronary Lesions other than Left Main 


The 345 patients in our study are similar in most. 


characteristics to the 286 patients operated upon in the 
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TABLE i. Conipatisón of Baseline Characteristics 


VAT 
| SLU Sus t ; Med. 
Patients (No.) 3457 332 354 
Age (Yrs.) GOD M 
Mean : $0.6 50.5 . Slat 
Range (25—68) (30—68) (27—67) 
Preoperative angina pectoris E : Pa 
CHA Class 2, 3, 4 9596 ay YES uy d 
NYHA II HI l 95% — 94% 
Risk factors oi l e 
Hypertension 30% . 28% |" 30%. 
Diabetes mellitus . 126. 12% - - 13% >» 
© Previous M.I. l . 5296 63% 59% | 
Serum cholesterol B MER 
z 275 mg/dl 3596 |  2196*^  . 30%* 
Lipid abnormality 24200 ee 
Cigarette smoking ` 8200 — — 7 —. 
Family history of l MP NE = 
Cardiovascular disease ` 81% 0 — ME — 
Diabetes mellitus E z 
Angiographic classification 
Vessel disease i P A n i 
Single ' . 1896 14% . 14% 
Double 39% 34%, 31% 
- Triple 43% - 52% . 55%. 
Left ventriculography eo n l 
Abnormal contraction 5696 65% 68% 


* 2-250 mg/dl. 
T. Female 47 (13. 6%). "og 3 
t Includes left main disease. (46 patients surgical; 44. medical) 


VA study and the 310 patients treated scene nit ve. 
(Table 1).!! Diabetes mellitus as judged by the criteria 
of Wilkerson!? with a four hour glucose tolerance test 
was present in 11% (SLU). Forty-two per cent of SLU 
patients had lipid abnormalities, usually Fredrickson 
Class II or IV, as determined by lipoprotein electro- 
phoresis and serum cholesterol and triglyceride. meas- 
urements. Angina pectoris was graded according to 
the Canadian Heart Association Classification.! Pre- 
operative angina pectoris was class 0 in 1%, class 1 in 
4%, class 2 in 15%, class 3 in 44%, and class 4i in een of 
` the patients. 


Operative Mortality ` 


There were eight operative deaths in our 345 patients 
(2.3%). This is to be compared with 5.6% in 286 VA 
patients operated upon (p « 0.05).* This difference in 
early mortality clearly affects long term statistics, es- 
pecially when considering the low early mortality in 
the non-operative group of 310 VA patients. 


Four Year Survival 


Considering the entire groups (345 SLU operated) 
(286 VA operated) (310 VA non-operated), there is a 





* Chi Square analysis. ` 
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without LMC = 50%. SLU four year survival is significantly NI 
than that of either the VA medica or surgical patients. 


réal difference i in the pti year actuarial survival. The 
95% survival of our patients is superior to the 85% Fo 
VA surgical (p < 0.0001) and 86% medical patients (p 
< 0.0003) (Fig. 2). The.15 late deaths that have occurred 
in ‘our patients have been attributed to myocardial 
infarction (4), congestive heart failure (2), sudden death 
(2), cancer -(2), suicide (1), renal disease (1), and 
pneumonia (1). There is insufficient information to 
categorize two patient deaths. Other sighificant SLU 
complications i in the early postoperative interval were 
major arrhythmias 8.1%, pulmonary 6.0%, hemorrhage 
4.896, leg wound infection 3.526, and sternal wound 


infection 0.8%. 


Relief of Anena Poi 

. Angina pectoris was absent or markedly improved 
(CHA class 0,1,2) in 91% of our patients at four years 
and in 90951 at five years (Fig. 3). This consideration 
is not addressed in the VA reports to this time. Many 


other reports, however, indicate that this level of re- 
lief of anginá can be anticipated. 


Recürrent Myocardial Infarction 


Myocardial infarction, although ranging widely in ex- 
tent and significance, is an event that has important 
implications and its prevention can constitute a con- 
sideration in choice of therapy. Myocardial infarction 
(MI) during the operative period? occurred in 8.4% of 
our patients. The perioperative infarction rate of the 
VA group was 18% (p < 0.005).t At five years, 83% of 


‘+ CHA Class Ô, 65%; Class 1; 2, 25%. 
t Chi-Square analysis. 
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The per zent improved (Canadian Heart Association Class 0,1,2) 
remains at 90% at five years. 


our patients are free of MI (Fig. 4). Including the peri- 
operative myocardial infarctions, the annual rate of 
myocardial infarction over five years calculates to 3.4% 
per year; excluding perioperative myocardial infarc- 
tion, it is 1.8% per year. 


Graft Patency 


Cumulative graft patency was 87% at one and 84% 
at three years (Table 2). Both are better than the VA 
patency rate of 71% at a mean of one year. All grafts 
were patent in 76% of SLU patients at one year and 
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Fic. 4. Actuarial analysis of the occurrence of postoperative myo- 

.cardial infarction of 345 SLU patients, including perioperative 
M.I. At five years, 83% remain free of postoperative myocardial 
infarction. 
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TABLE 2. Graft Patency 


Cumulative All Grafts At Least One 
Graft Patency Patent Graft Patent 
% % % 
SLU VA SLU VA SLU VA 
I mo 92 + 1.17 84 + 2.0 98 + 0.8 
1 yr 87 t 13 71 76 X 2.4 54 .96 x: 1.2 89 
3 yrs 84 + 1.5 71 + 2.6 94 + 1.5 
5 yrs 811.7 — — 
* S.E.M. 


71% at three years, while only 54% of VA patients 
had all grafts patent at an average of one year. At least 
one graft was patent in 96% of SLU patients at one 
year and 94% at three years, compared to 89% of VA 
patients at an average of one year. 


Survival as Related to Extent of Vessel Involvement 
and Ventricular Function 


It has become common to discuss results of treat- 
ment in coronary artery occlusive disease in terms of 
the number of vessels involved and the function of 
the left ventricle. Considering the large number of end 
points for comparison, this allows for a large array of 
categories and results. We have attempted to compare 
our results according to categories that have been re- 
ported in the VA Study. 


Normal and Abnormal Left Ventricular Function and 
Single Vessel Disease 


single vessel disease with a normal or abnormal 
ventricle (SLU) has a four year longevity close to that 
of a normal matched population (98% vs. 96%).** The 
four year survival rate of medical and surgical VA pa- 
tients in this group is also 98%. The 30 day mortality 
was 0% in both the VA patients treated surgically and 
the SLU patients. Neither the VA surgery (98%) nor the 
SLU (98%) patients’ four year survival is different from 
that of either the matched population or the medical 
VA patients (Fig. 5). The single late death in this SLU 
group of 63 patients was due to suicide four years post- 
operatively. | 


Normal and Abnormal LV Function and Double 
Vessel Disease 


Survival in patients with double vessel disease in the 
VA series was no different whether the patients were 
treated operatively or non-operatively. The VÀ opera- 
tive mortality of 6.5% in 107 patients was higher than 
the SLU operative mortality of 096 in 131 patients (p 
< 0.0005).8 The four year survival of this group was 


§ Chi-Square analysis. 
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Fic. 5. Comparative cumulative survival of VA and SLU patients 
with single vessel disease and normal or abnormal left ventricle. 
There is no significant difference in survival among these groups. 


higher in the SLU series (97%) when compared with 
either the VA medical (87%) or surgical (83%) survival 
at that time. Statistical verification 1s not possible for 
lack of more complete VA data. The SLU four year 
survival is essentially that of a matched population 
(Fig. 6). 


Normal and Abnormal LV Function and Triple Vessel 
Disease 


The four year survival of SLU patients with triple 
vessel disease, regardless of ventricular function (92%), 
appeared better than that of the VA patients treated 
non-operatively (74%), but similar to that of VA pa- 
tients treated with CABG (89%). Unfortunately, in this 
group also, insufficient published data are available for 
statistical comparison. The SLU survival approaches 
that of a matched population (Fig. 7). The operative 
mortality for all patients with triple vessel disease, re- 


gardless of the condition of the left ventricle, was 6.9% 


for VÀ patients and 4.5% for SLU patients. 


Abnormal LV Function and Triple Vessel Disease 


The four year survival of VA patients with triple 
vessel disease and an abnormal left ventricle was dif- 
ferent in that those patients treated operatively (84%) 
appeared to have a slightly better, but not a statistically 
significantly improved survival over those treated non- 
operatively (7990). The SLU four year survival of 
92% in this subgroup was not statistically different 
from the VA operative patients, but was significantly 
improved, over those VA patients treated non-op- 
eratively (p « 0.02) (Fig. 8). 


Fic. 6. Comparative cumulative survival between VA and SLU pa- 
tients with double vessel disease and normal or abnormal left 
ventricle. The SLU survival at four years appears to be greater 
than either VA medical or surgical survival. Adequate data were 
unavailable for statistical comparison. The SLU survival is es- 
sentially that of a matched population. 


Abnormal LV Function and Double or Triple Vessel 
Disease 


The VÀ Cooperative Study recently evaluated the 
four year survival of their patients with double and 
triple vessel disease and abnormal left ventricular func- 
tion.? They found no difference after excluding patients 
with left main coronary stenosis (VA medical 81%), 
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Fic. 7. Comparative cumulative survival between VA and SLU pa- 
tients with triple vessel disease and normal or abnormal left 
ventricular function. The SLU survival at four years appears to 
be greater than that of the VA medical patients, but not different 
from that of the VA patients treated with CABG. Insufficient 
published VA data precludes statistical comparison. The SLU 
survival approximates that of a matched population. 
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Fic. 8. Comparative cumulative survival of VA ads SLU patients 
with triple vessel disease and abnormal LV. The four year SLU 
survival is significantly better than the VA medical survival but not 
significantly different from the VA surgical survival. 


VA surgical 8226). The four year survival of these com- 
bined SLU groups (93%) is different from those VA 
patients treated meee or “operatively (p < 0.002) 
(Fig. 9). 


Other Combinations of LV Function and Vessel 
Disease 


J Additional combinations of -—" with single 
vessel disease and an abnormal left ventricle and those 
with a normal left ventricle with single, double and 
triple vessel disease with left main coronary disease 
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. Fic. 9. Cumulative survival of SLU patients with abnormal left 
ventricle and double or triple vessel disease, excluding LMC 
z 50%. The SLU four year survival is greater than both the 
reported VA medical and surgical survival.” . 
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Fic. 10. Cumulative survival of SLU patients with normal left 
ventricle and single, double or triple vessel disease and abnormal 
left ventricle with single vessel disease. The four year survival is 
not significantly different from the reported four year survival of 
both VA medical and surgical patients.? 


excluded, showed no difference in the four year sur- 
vival for either the VA patients treated surgically or 
medically or the comparable SLU patients (Fig. 10). 


Completeness Df Revasculai ‘ization 


The SLU patients were further analyzed from thie 
standpoint of completeness of revascularization. Com- 
plete revascularization was accomplished at operation 
in 272 patients (79%) and was persistent at one year 
in 147. patients (44%). The respective survival of 
these groups was 94.0% and 98% at four years and 92% 
and 96% at five years. These were not statistically 
different from each other, nor were they statistically 
different from the four and five year survival of the 
entire SLU series of 345 patients of 95% and 91% 
respectively. The four year survival of the SLU pa- 
tients completely revascularized at the time of opera- 


tiom was different from.the four year survival of the 


VA patients treated medically (86%) or surgically (85%) 
(p < 0.002), Fig. 11). 


Discussion 


_ The major benefits sought in the management of 
ischemic heart disease are relief of symptoms, pre- 
vention of myocardial infarction, and prolongation of 
life.. It is accepted that angina pectoris is relieved in 
most patients by CABG. The permanence of this relief 
is to be determined. The two issues sparking continued 
controversy are: 1) whether CABG reduces the in- 
cidence of myocardial infarction, and 2) whether it 
prolongs life. The results of the VA Cooperative 
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. Coronary Artery Study have suggested a lack of effect 
of CABG upon prolongation of life except in left 
main coronary artery disease. Their study, to this 
point, has not addressed the problem of reduction of 
myocardial infarction, nor the permanence of relief of 
angina pectoris. 

The experience at Saint Louis University Medical 
Center in a comparable series of 345 patients in- 
dicates that during the same three-year period, CABG 
was accomplished with a significantly lower operative 
mortality (2.3%) and perioperative myocardial infarc- 
tion rate (8.4%). There was also a higher SLU graft 
patency rate, not only determined randomly. once in 
the postoperative period, but demonstrated actuarially 
to five years postoperatively. In a similar manner, the 
SLU experience indicates a high level of angina pec- 
toris relief which persists at that level for at least 
five years. In addition to a lower perioperative myo- 
cardial infarction rate, the SLU experience documents 
the incidence of mvocardial infarction in the post- 
operative period for five years. Our experience con- 
firms the VA results in left main coronary artery and 
single vessel disease. However, the SLU results indi- 
cate a significantly improved survival in some groups of 
double and triple vessel disease and are strongly sug- 


.gestive of improved survival in all types of double and 


triple vessel disease. Lack of sufficient data in the VA 
reports have precluded statistical comparison in some 
of the subsets. 

Completeness of revascularization has NS felt to 
influence longevity following CABG.'? The data from 
the VA study fail to indicate what proportion of pa- 
tients have had all diseased vessels grafted. Recently, 
improved late survival has been shown to be im- 
proved in patients with a greater degree of revascu- 
larization as judged by graft patency one year post- 
operatively. The SLU experience is in concert with 
this. This report confirms a high degree of complete 
revascularization in all of the SLU patients and its 
significant benefits. The statisticallv superior survival 


of this group, over the comparable VA patients treated - 


operatively, suggests that incomplete revascularization 
in these patients may have been one of the factors 
responsible for their less favorable results. The low 
graft patency rate is additional evidence for this 
thesis. 

There are many problems in organizing and con- 
ducting cooperative randomized therapeutic trials. The 
involvement of several centers with multiple investiga- 
tors factors against uniformity and can skew results 
obtainable by a single center or investigator, although 
the results might well be more representative of the 
community at large. A major criticism of the VA study 
has been that the operative mortality (5.6%) was high, 
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Fic. 11. Gon parative cumulative survival of SLU patients with 
complete revascularization ‘compared with SLU study’ population 
(345 patients) and VA medical and surgical patients. There is 
no significant difference between the four year survival of the 
entire SLU group and those with complete revascularization judged 
at operation and'at one year postoperatively. There is significant 
improvement in four year survival of those completely revascu- 
larized when compared with either the VA medical or VA surgical 
patients. ps 


~ 


and the graft patency low (71%). Considering the good 
long-term survival of their control group of operative 
candidates treated without operation, they acknowl- 
edged that in order to demonstrate a significant dif- 
ference in favor of CABG, lower operative mortality, 
improved graft patency, and more complete myocardial 
revascularization would be necessary.’ Many of the 
reported series of patients with which. they compared 
their results covered a time period prior to their study 
period; a period they-excluded due to their high 
operative mortality (16%)." Furthermore, some of 
thesé series included patients which they excluded 
from the VA series. Considering the generally good 
prognosis of all patients entering the VA study, with 
a yearly loss of less than 496, it may well take a much 
longer period than five years to differentiate the effects 
of treatment upon long-term survival.? 
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DISCUSSION 


Dr. JOHN NOCRMAN (Houston, Texas): I very much enjoyed this 


' , informative paper by Drs. Kaiser and Willman and their associates 


- in St. Louis. Perhaps.the major contribution of the rather preliminary 


Veterans Administration report ‘entitled, ‘Treatment of Chronic, - 
: Stable Angina” in a December issue of the New England Journal of. 


Medicine has been to elicit. substantial, well-grounded and docu- 
mented rebuttals, such.as that just presented. There are other rebut- 
‘ tals, notably that appearing in the Journal of the American Medical 
. Association lat month, which can be compared with an outstanding, 
` and perhaps opposing, review in last month's issue of Circulation.: 
. As of January 1, 1978, in our institution 12,310 patients had 


... undergone aortocoronary bypass grafting, alone or in conjunction - 


with other congenital, acquired or. ischemic lesions. Our experience 


. . 15 more in line with the results.just presented, i.e;, actuarial follow- 


up to nine years of a consecutive cohort of 9,061 patients at the Texas 
Heart Institute demonstrated a 92% survival at three years and a 
79.6% survival at nine years. Our early operative: mortalities de- 
creased from 9.1% in 1968 in a small series to 1.7% in 1977. (26 
among. 1,516). Moreover, nearly 60% of our entire.series has under- 
. gone fashioning of three or more bypass grafts. None of the high-risk 
exclusions utilized in the Veterans Administration Cooperative 
Study has been included in our series. 

I am reminded of what was said this morning and possibly again 
this afternoon, that we should perhaps look at what was published 
in the New, England Journal of Medicine as preliminary. It is con- 


" .. ceivable that the Veterans Administration results were not as optimal 


as might have been obtained, since other institutions in this country 
- have shown rather definitively that coronary artery surgery decreases 
symptomatology, probably prolongs life and can be done with a 
early and late mortality. 


Dr. FRANK C. SPENCER (New York, New York): 

(Slide) For historical purposes, I looked at the slide that we pre- 
sented at the meeting of this Association in Colorado Springs four 
years ago, at which time our projected five-year survival at New York 
University, computed by actuarial analysis, was about 80% from a 
group of about 450 patients. 

(Slide) Last year at the American Thoracic meeting, appearing 
in print in January of this year, we summarized our total experi- 
ences at New York University. The slopes of the actuarial survival 
curves are strikingly similar to those of Dr. Kaiser, in sharp con- 
trast to tne VÀ study. 

(Slide) I'll spend a moment with this slide. This represents the 
total experiences at New York University with elective coronary by- 
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pass, starting in 1968 and extending through 1975. It includes an 
average operative mortality of 596, but at one year there are about 
92—9396 of patients alive. The follow-up is 98% complete. Note 
that after the first year, during the next four years the slope of the 
survival curve is very flat, not changing from either graft occlusion 
or progression of atherosclerosis. As does Dr. Kaiser's data, it paral- 


. lels a matched population group. It is unlike the VA's figures, which 


steadily go down, both for medicine and surgery, for unknown rea- 


.sons. So we have. very similar findings of about 8846 alive at five 
years, including. the.initial operative mortality. Actually, results have 
.. improved even more Since this time, especially the operative mor- ' 


tality which now averages ] - 256. 
. (Slide) Pu spend some time with this theoretical slide. These are 


. purely my calculations, but really represent the genesis of the total 


problem, of how miány people have coronary disease. This is un- 
answerable at the present time, although I have spent a lot of time 
searching through what information is available. Textbooks of medi- 
cine quote this with déceptive certainty, but with very vague refer- 
ences. The only known fact is that there are about 600,000 deaths 
each year, with a male.to female ratio of 4:1; hence about 500,000 
males die each year from coronary disease. 

Our current population, 200 million, has about 100 million males, 
and about half of these would be over forty years of age. Hence, 
one is considering a sampling of about 50 million males over forty 
(or less). From these data there are three or four hypotheses, none 
of which seems acceptable. If 10% of the group of 50 million males 
over 40 have coronary disease, which is often quoted, there would 
be 5 million patients with coronary disease; 500.000 deaths from 
this group would represent a 10% mortality each year, or 50% in 
five years, which everybody says is much too high. 

. The second hypothesis, assuming that 20% of males over 40 years 
of.age have coronary disease, or one Ámerican male in five, there 
would be 10 million patients with coronary disease; so the death 
rate would be 5% a year or 25% at five years. 

If the figure quoted in medical textbooks is used, a death rate of 
only 2% per year, the number of patients with coronary disease 
must be 25 American males, a frequency of 50% of the total group of 
50 million, which seems impossible. 

These, gentlemen, are the fundamental data that are lacking, and 
the reason that all of these debates are unanswerable. From what 
population base are these 500,000 deaths coming? I suspect it’s some- 
where in between, but the mortality is far higher than projected in 
a number of the studies that studied only a mild spectrum of the 
disease. A lot of patients never enter into studies because they die 
outside the hospital. Over one-half of the fatal coronary deaths are 
fatal within the first hour or so, but the only firm data available 
at present are that there are half a million deaths each year, repre- 
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senting the most common problem in the American male over 40. 
It exceeds cancer by a ratio of 3:1. 

So the implications that this is a fairly benign disease are very 
misleading, and the goal for the future is precise statistical studies 
of the prevalence of the disease and the efficacy of different methods 
of treatment. 

The fact which has led to so much controversy is that the spectrum 
is very broad, depending upon the capacity of collateral circulation 
to develop. Clearly, a number of people with good collaterals don't 
need an operation. It's equally clear that with left main disease, 
triple vessel disease or bad left ventricles, an operation is very badly 
needed. So the problem is not whether coronary bypass is a good 
operation or a bad operation, but who needs it and who doesn't 
need it, which will probably generate papers for our program for 
some years to come. 

I would ask Dr. Kaiser one question. At the present time, with 
the available knowledge, whom would he consider for operation 
and whom would he recommend for medical therapy? 


. Dr. GEORGE C. Morris, Jr. (Houston, Texas): I agreed with 
the thrust of Dr. Kaiser's remarks, but we have some disagreements 
about the techniques of reporting the results of coronary bypass, 
particularly with reference to the exclusions and the counting mach- 
inations used by many people for comparison, and we are particu- 
larly distrustful of various actUHHHl curves that are used so fre- 
quently. Our benchmark for SOR is the normal population. 

There are two basic factors WHitH we believe influence long-term 
survival after bypass. One of thes l adequacy of revascularization, 
which in turn is the product bf ülig-term patency rates and suf- 
ficient numbers of grafts to y plas occlusive disease in the three 
major trunks. Here are my pErsdHHl patency rates from studies of 
over 800 grafts during a ten-yebt period. Patency ranged up to 94% 
in left anterior descending bypásBEs in asymptomatic patients. The 
other factor influencing survival {8 the status of left ventricular func- 
tion. With reasonably 200d left ventricular function as defined by an 
end diastolic pressure less than 15 mm Hg and no left ventricular 
aneurysms, survival was normal after five years. In contrast, in 
patients with abnormal left ventricular function (end diastolic pres- 
sure over 15 mm Hg? survival was somewhat depressed but cer- 
tainly better than could be expected with medical therapy. 

In the absence of specific information on the number of vessels 
with significant disease and the number of grafts as well as the status 
of left ventricular function, we find it difficult to interpret survival 
statistics. 


Dr. Rosert H, Jones (DilHidm, North Carolina): Dr. Kaiser has 
well emphasized the need foh Kroper selection, and then documen- 
tation of adequate revasculdflztition in. patients. to assess the effect 
of coronary bypass sufgery bH the natural history of this common 
disorder. 

In the past several years, in collaboration with Dr. Sabiston, we 
have worked to develop a simple, noninvasive technique which 
would provide information of cardiac function. This procedure in- 
flicts the trauma about equal to obtaining a blood sample, can be 
performed in only one minute and can, therefore, be performed 
before and after surgery. In addition, the simplicity of the procedure 
makes it well suited to evaluating patients during exercise. 

We have now studied left ventricular function before and after 
surgery in a large group of patients. I would like to show you a 
typical patient's data in this slide. 

(Slide) The image of the outline of the end diastolic volume is 
seen here, and in this resting study in this patient one appreciates 
good wall motion to the end systolic image, with overall left ven- 
tricular ejection showing an ejection fraction of 70%. 

However, after ten minutes of exercise this patient demonstrates 
the typical ischemic response of the myocardium, which dilates to 
stretch the fibers to more efficiently use the available oxygen sup- 
ply. The end diastolic volume is now about twice the resting size. 
The wall motion is decreased, so that the end systolic volume is 
now almost equivalent to the previous end diastolic volume. The 
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effect of this amount of exercise on the ejection fraction is to reduce 
it to 43%. This response has been found to correlate with the mag- 
nitude of ischemia, and in this particular patient, with significant 
stenoses of three coronary arteries, a large amount of global ischemia 
during exercise is seen. 

Three months after coronary artery bypass grafting, the study 
is again repeated, and at rest there is no significant change in left 
ventricular function. However, now during ten minutes of exercise 
one sees great improvement in left ventricular function, with much 
improved wall motion and with an ejection fraction now that in- 
creases with exercise, which is the normal response, in contrast 
to the decrease seen preoperatively, which reflected the ischemia 
present. 

We feel that this procedure may be useful in the proper selection 
of patients for this procedure, and then useful in the setial evalua- 
tion of the functional result. 

In closing, I'd like to compliment Dr. Kaiser on the careful ob- 
servations that he presented to us in this paper, and suggest that 
with documentation of function during periods of stress, we may 
be able to learn more of the natural history of this common disorder 
and the influence that surgery can have in reversing the effects of 
ischemia. 


Dr. RAYMOND Reap (Little Rock, Arkansas): Dr. Kaiser was fair 
and careful to point out the positive preliminary findings of the VA 
Cooperative Study, perhaps the most important being that in this 
prospective randomized group it was possible to establish that sur- 
gery significantly benefited patients with left main disease with a 
probability of 999 chances out of a thousand. | 

(Slide) I think he was too modest in reporting on the fine achieve- 
ments of his group in St. Louis in the years 1972 to 1974. As you 
see in the slide, the mortality of their group of 2.3% in a series 
of coronary bypass cases is much better than was reported in the 
literature for that period of time from other centers, and is certainly 
better, as he pointed out, than the VA Cooperative Study group. 

(Slide) In regárd to graft patency, we see the same thing. In all cate- 
gories of graft patency, the St. Louis equaled, or was much better 
than, the general level of patency that was being reported from cen- 
ters in this country as of that period of time. 

(Slide) Finally, when we look at the survival of his patients fol- 
lowing surgical treatment of coronary artery disease, 1972 to 1974. 
we find that Dr. Kaiser had a remarkable 97% survival rate at three 
years, which suggests that if you include the mortality of surgery. 
he had a loss per year of only 0.296. 

Now, a white male aged 50 years in this country, has a 1% chance 
of dying each year; so that these people, following surgery, only 
have an attrition rate of one fifth normal. 

(Slide) How can we explain these very finé results during the period 
of time? Well, of course, we can always ascribe them to superior 
surgical skill. Secondly, perhaps the VA, in trying to set up a study 
of patients with stable angina resistant to medical treatment, withou: 
complicating aneurysm or infarction or ventricular aneurysm, came - 
up with mild disease. We see here, if we compare the disease char- 
acteristics and the randomized patient characteristics of the VA 
Study group from 1972 to 1974, with the classical studies from Duke, 
Baylor and Cleveland in the literature, we find that the VA Study 
group is not that abnormal in regard to left main disease, triple 
vessel disease, and other characteristics. In fact, it does show a 
severe degree of coronary artery disease being operated on. 

The final explanation may well be that when Dr. Kaiser went 
down to the record room and did his retrospective analysis in the 
hospital files in St. Louis, they came up with a series of patients 
that do not match the study group that was prospectively randomized 
way back in 1972 by the VA. This problem of matching patients 
with coronary artery disease and angina has been carefully workec 
on by the Duke group, and they pointed out that even with à com- 
puter, where they have 87 variables of patient characteristics, they 
couldn't set up two groups of comparable patients with medically 
and surgically treated cororiary artery disease. This is a very com- 
plicated diseae, and it's very difficult to match one group against 
another. 
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DR.. GEORGE C. KAISER (Closing. discussion): Actuarial analysis 
is a method of analysis that is frequently used and now required 
by some journals, Dr. Morris, we did include a matched population, 
as you recognized. 

The probleni of exclusions frequently comes tip. Actually, by in- 
cluding scme of these excluded patients, the results. would have 
been better. For instance, in the 54 of our patients that had left 
main coronary diseáse, there: was no operative mortality and the 
survival at four years was 98%. However, in the interest of trying 
to get a pure group to be compared with the VA study, we ad- 
hered to their exclusions. 

Dr. Jones, that is an elegant noninvasive technique. As you well 
know, there is still controvérsy about the effects of revasculariza- 
tion, not cnly upon segmental but also upon global left ventricular 
function. Hopefully, you and your associates will give us some 
answers regardirg this in the future. 

In discussing Dr. Read’s remarks, I shall show a few slides. 

(Slide) In the :nterest of time, we were unable to show much of 
the material detailed in the manuscript. This slide shows a com- 
parison of the three groups. They were essentially the same from 
the staridpoint of age and degree of angina pectoris, vessel involve- 
ment and left ventricular impairment. The incidence of other risk 
factors is also essentially. the same, as you can see. 
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These data were not derived retrospectively from the record room. 
In our department, records of all of the patients that have received 
CABG at St. Louis University since 1970 have been kept current. 

Dr. Read, you have shown us published series to which you com- 
pared the VA Cooperative Study results today. This comparison was 
also published in your report of the Cooperative Study (in the Journal 
of Thoracis and Cardiovascular Surgery in January 1978). I have 
reviewed these original published reports. The majority either in- 
cluded patients that would have been excluded from the VA Study or 
were series of patients treated before 1972, a period which the VA 
Study excluded because of the operative mortality of 16%. 

(Slide) On this slide is a quotation from the editorial reply in 
a 1977 issue of The New England Journal of Medicine to the letters 
by the participants in the VA Cooperative Study. These letters were 
generated by the first pubiication ofthe results ofthe VA Cooperative 
Study in this journal. The question is asked: "If the mortality rate 
were reduced by one-half, and if the graft patency rate were im- 
proved by 1595, would the survival of patients treatéd with CABG 
be impróved?" They felt the answer was unknown at that time. 
Our experience with a similar group of patients operated upon at 
a similar time indicates a mortality rate of one-half and a 15% greater 
graft patency rate. This is associated with a greater survival; Perhaps 
a longer follow-up period in the VA Study will confirm this. 


Surgery for Short Esophagus with Stricture: 


An Experimental and Clinical Manometric Study 


F. H. ELLIS, Ja., M.D., PH.D.," H. K. LEONARDI, M.D.,t L. DABUZHSKY, M.D.,¢ R. E. CROZIER, M.D.§ 
with the technical assistance of John Cormack, Research Assistant in Surgery 


The surgical management of short esophagus with stricture 
has been simplified in recent years by the introduction of an 
eosphageal lengthening procedure (Collis gastroplasty) com- 
bined with antireflux maneuvers, such as the Belsey and Nissen 
operations. This report compares the experimental and clinical 
manometric findings after these procedures. After myectomy 
of the lower esophageal sphincter (LES) in the cat, three ex- 
perimental groups were developed including Collis gastro- 
plasty, Collis-Belsey and Collis-Nissen. Formation of a gastric 
tube did not provide protection against reflux while the Collis- 
Nissen procedure was more effective than the Collis-Belsey 
in raising pressures at the high pressure zone (HPZ) (26.0 
+ 3.5 cm H,O vs 15.0 + 2.7) and in preventing reflux (pH 
6.3 + 0.5 vs 2.9 + 0.04). Of 20 patients with short esophagus 
and stricture, 11 underwent. a Collis-Belsey procedure and 
nine a Collis-Nissen. The latter procedure resulted in an HPZ 
of greater amplitude and length than the Collis-Belsey (18.7 
+ 2.3 mm Hg vs 11.6 + 1.7 and 3.9 + 0.4 cm vs 2.4 + 0.2). 
It also proved to be. a more effective antireflux procedure, 
for no patient so treated had a positive pH reflux test after 
operation whereas after the Collis-Belsey procedure all but 
one patient had a positive pH reflux test. Short-term clinical 
results also support the superiority of the Collis-Nissen op- 
eration. 


HE SURGICAL MANAGEMENT of short esophagus 
with stricture has undergone major modifications 
in recent years. Resection of the stricture so commonly 
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employed in past years in patients resistant to dilation 
is being replaced by procedures of lesser magnitude, 
such as the Thal-Nissen, the Collis- Belsey and the Coi- 
lis-Nissen procedures. The Collis- Belsey procedure 
has been particularly popular because of the good re- 
sults reported by Pearson and associates!?!? and 
Urschel and associates.?! In fact, its indications have 
been broadened to include a variety of othet esopha- 
geal problems in addition to stricture.??? Recently, 
however, the antireflux properties of the Collis-Belsey 
have been questioned and it has been proposed that 
the procedure be modified so as to completely encircle 
the Collis gastroplasty by a Nissen 360° wrap. 13 This 
presentation addresses this controversy with emphasis 
on a comparative experimental and clinical manometric 
study. 


Experimeníal Studies 
Operative Procedures (Fig. 1) 


Using the cat as an experimental model because of 
the similarities of the anatomy of the feline esophagus 
to that of man,” the lower esophageal sphincter (LES) 
was rendered hypotensive by circular myectomy of 
the lower 2 cm of the esophageal musculature, 
a technique originally described by Vandertoll and 
associates in dogs.” The operations were done 
through a left thoracotomiy under intravenously in- 
duced sodium pentobarbital anesthesia in a dose cf 
20 mg/kg of body weight. Respirations were main- 
tained with a Bennett RR-1A respirator via an endc- 
tracheal tube. Intraoperative manometry insured com- 
plete or near complete elimination of the high pressure 
zone (HPZ). 


0003-4932/78/0900/0341 $01.05 © J. B. Lippincott Company 


341 





342 


(Ut 


a [uU 














" 
— 
2 


Pi X er S y 
gain 


A B 4 
t. x 
+ ut "d > 
+ è 
1 "n E Fan 
E B 
a 
yn, 
v GENOA 
= + 
Mm HER. a ER. 


HB 
ANAN 
Ay 





Fic. 1. Diagrammatic representation of myectomy and the three 
antireflux techniques employed in this study. Dotted line indicates 
clamping site for creation of Collis gastroplasty. 


Following myectomy, a tube of lesser curvature of 
stomach 3 cm in length was fashioned over an 18 F 
tube according to the technique of Collis? and left in 
the abdomen (Fig. 1I). This constituted one of the 
experimental groups. In another group, a Belsey Mark 
IV partial fundoplication was performed whereby two- 
thirds of the circumference of the Collis gastroplasty 
was encircled by adjacent fundus using two layers of 
mattress sutures of silk, the last being secured to the 
diaphragm (Fig. III). A complete fundal wrap of the 
newly formed gastric tube was performed according 
to the technique of Nissen in a third experimental group 
(Fig. 1101). In both of these experimental groups the 
partially or completely encircled gastric tube was left 
in the abdomen. Sixteen animals were available for 
study at postoperative intervals ranging from three to 
six weeks (Collis gastroplasty-6, Collis-Belsey-5 and 
Collis-Nissen-5). 


Manometric Technique ánd pH Reflux Testing 


Esophageal manometry was performed in the un- 
anesthetized state using a continuously perfused dual 
catheter system.* Each catheter had two laterally posi- 


* Intramedic PE 205 tubing. 
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tioned pressure-sensing orifices spaced 3 cm apart. A 
Harvard infusion pumpt delivered 0.573 ml of distilled 
water per minute through each catheter. The catheters 
were connected to external transducers,t and pressures 
were recorded graphically on a multichannel recorder$ 
calibrated to create a 1 cm deflection for each 10 cm of 
water pressure. The catheters were withdrawn at the 

"rate of 0.5 cm per second, and lower esophageal sphincter 
pressure recorded in the fundus, which was arbitrarily 
considered as zero. Maximal end-inspiratory and end- 
expiratory pressures were averaged to obtain the meari 
maximal sphincter pressure. A pneumograph recorded 
the respirations. 

The adaptive response of the HPZ was measured 
by manometrically positioning the catheters so that thé 
distal orifice was within the stomach and the proximal 
orifice within the HPZ. Abdominal compression was 
applied manually while pressures were recorded. A 
ratio of the increment in sphincter pressure of 1.4 or 
more was accepted as a normal response. | 

Studies of pH were performed with a Beckman pH 
meter! using an exploring electrode"! for pH measure- 
ments and a reference electrode.fl A length of poly- 
ethylene tubing was introduced into the stomach and 
15 ml of 0.1 N hydrochloric acid was instilled. The 
tubing was flushed with distilled water during rapid 
withdrawal. The exploring electrode was passed into 
the esophagus until it met the resistance of the HPZ 
and was then withdrawn 3 cm, and a pH reading was 
taken to preclude the presence of residual acid. If the 
pH was five or higher, abdominal compression was 
applied manually and the pH noted. Reflux was con- 
sidered present if a pH of 4.5 or less was recorded. 


Results 


The results of the manometric studies are listed in 
Table 1 and are presented graphically in Figures 2 and 
3. The data recorded for normal cats and for the 
myectomy model have previously been reported.! A 
two sample students t-test was used to compare the 
two experimental fundoplication groups to each other. 

The Collis gastroplasty alone resulted in no improve- 
ment of LES function either in respect to the ampli- 
tude and length of the high pressure zone, its adap- 


t Model 941, Harvard Apparatus Co., Millis, Massachusetts. 

+ Statham P23Db Transducer, Gould-Statham Instruments, Hato 
Rey, Puerto Rico. 

§ DR8, Electronics for Medicine, White Plains, New York. 

! Zeromatic SS-3, Beckman Instruments, Wakefield, Massa- 
chusetts. 

€ Model 39042, Beckman Instruments, Wakefield, Massachusetts. 

1 Model 40242, Beckman Instruments, Wakefield, Massachusetts. 
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TABLE 1. LES Function Before and After Myectomy 
and Fundal Wrap 


LES 
Adaptive pH Reflux 
Amplitude Length Response Test 
Group # (cm HO) (cm) (ASP/AGP) (pH) 
Normal 40 24.3+1.8 16+09.1 16+02 59+0.1 
Myectomy 9 2.3410 05+02 0.9 +0.02 4.2 + 0,3 
Collis 6 1.6x03 1.740902 0820.1 3.1+0.2 
Collis-Belsey 5 15.042.7 1.7402 1140.2 2.9 + 0.04 
Collis-Nissen 5 26.0 + 3.5* 2.3 0.3 0901 63+ 0.5f 


LES = Lower esophageal sphincter; SP = sphincter pressure; GP 
= gastric pressure. *p < 0.05 compared to Collis—Belsey. tp < 0.01 
compared to Collis~Belsey. Results expressed as mean values + SEM. 


tive response or its ability to prevent reflux as meas- 
ured by the pH reflux test when compared to control 
animals in which the LES had been excised by 
myectomy (Figs. 2 and 3). Both the Collis-Belsey 
and the Collis-Nissen procedure resulted in an increase 
in the amplitude of pressure at the HPZ though this 
was significantly greater in the case of the Collis- 
Nissen procedure (Fig. 2). Actual pressure tracings of 
these procedures are shown in Figures 4 and 5. While 
the adaptive response of the HPZ was not restored by 
either method, the HPZ was slightly, though statisti- 
cally insignificantly, longer after the Collis-Nissen 
procedure. Most importantly, the Collis-Belsey proce- 
dure, even though increasing the amplitude of pres- 
sure at the HPZ, did not restore competence as meas- 
ured by the pH reflux test while the Collis-Nissen 
procedure was clearly successful in restoring compe- 
tence at a statistically significant level (Fig. 3). Thus, 
while both experimental procedures demonstrated 
advantages over the Collis gastroplasty alone, the 
Collis-Nissen operation was clearly better than the 
Collis-Belsey in restoring the amplitude of pressure at 
the HPZ and in preventing reflux. 


Clinical Experience 


Twenty patients with short esophagus hiatus hernia 
and stricture form the basis of the clinical portion of 
this study. Eleven of them had a Collis-Belsey proce- 
dure and nine a Collis-Nissen operation. The two 
groups were comparable as far as age and duration 
of symptoms of dysphagia were concerned. All had 
undergone dilations on multiple prior occasions with- 
out permanent relief and six had previously under- 
gone hiatal herniorrhaphy, one on two occasions. 
Three patients in the Collis-Belsey group developed 
their disease because of scleroderma, while none of 
those who had the Collis-Nissen operation had an 
aperistaltic esophagus. Only one patient was diagnosed 
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Fic, 2. Feline resting pressures at HPZ. Mean amplitude of LES 
resting pressures in the normal cat, after myectomy, and at the 
HPZ after the three experimental procedures. 


as having a lower esophagus lined by columnar 
epithelium (Barrett's esophagus). 


Technical Considerations 


All operations were performed using a left thoracot- 
omy, exposure being obtained through the bed of the 
nonresected eighth rib. Mobilization of the esophagus 
above the stricture and the stomach below was ac- 
complished to allow preliminary peroral dilation of 
the stricture with a Maloney dilator under external 
manual control up to a size 45 F prior to implementa- 
tion of subsequent maneuvers. 

The hernial sac was then opened and the stomach 
mobilized by dividing several of the short gastric ves- 
sels to provide adequate gastric fundus to facilitate 
performance of the Collis gastroplasty. The gastro- 
hepatic omentum was divided and a #40 Maloney 


MYECTOMY COLLIS 
Fic. 3. Feline pH reflux test. Mean distal esophageal pH after 


reflux testing in normal cats, after myectomy, and after each of 
the three experimental procedures. 
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dilator positioned prior to application of the GIA 
stapling instrument* to tube the lesser curvature por- 
tion of the stomach over a distance of 5 cm. 
After activation of the stapling device, the divided 
stomach suture line was oversewn by interrupted silk 
sutures (Fig. 6). The Collis-Belsey procedure was per- 
formed in a conventional manner using adjacent fundus 
to partially wrap the newly fashioned gastric tube 


* Model G.I.A., United States Surgical Corporation, Stamford, 
Connecticut. 
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COLLIS-NISSEN 
HPZ 


Fic. 4. Resting pressures at 
the LES in the normal cat 
(left panel), at the HPZ fol- 
lowing myectomy and Col- 
lis gastroplasty (middle 
panel), and after myectomy 
and Collis-Nissen proce- 
dure (right panel). (Base- 
line markings = ! cm with- 
drawals. HPZ = high pres- 
sure zone.) 
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using interrupted mattress sutures between adjacent 
fundus and gastric tube (Fig. 7A). Two layers were 
employed, tlie latter of which was sutured to the dia- 
phragm so as to reposition the partially enveloped 
gastric tube in an intra-abdominal position. 

The Nissen procedure was performed by passing the 
gastric fundus counterclockwise around the gastric 
tube and suturing it to adjacent gastric fundus 
anterolaterally with heavy interrupted silk sutures so 
as to wrap 360? of the gastric tube over a distance of 
approximately 3 cm (Fig. 7B). The wrapped portion of 
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Fic. 5. Resting pressures 
at HPZ following Collis 
gastroplasty (left panel), 
Collis-Belsey procedure, 
(middle panel), and Collis- 
Nissen procedure (right 
panel). (Baseline markings 
= ] cm withdrawals. HPZ 
= high pressure zone). 
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Fic. 6. Technique of Collis 
gastroplasty. 


the gastric tube was then placed within the abdomen 
and the hiatus narrowed posteriorly. 


Studies of Esophageal Function 


Twenty-nine esophageal function studies were car- 
ried out in 17 of thése patients. Complete preopera- 
tive studies were póssible in only seven because the 
severity of the stricture prevented passage of the re- 
cording instruments into the stomach so these data are not 
included in the analysis to be reported. The téchnique 
of esophageal manometry was similar to that previously 
reported by us? and described in the experimental 
portion of this paper with some modifications. A 
constantly infused catheter system was employed using 
a triple lumen cathetert with 5 cm spacings be- 
tween the catheter openings. A special systemi 
provided the constant infusion of degassed water at 
1.0 ml per minute and pressure changes were recorded 
on a multichannel recording device$ using external 
transducers.! Measurement of esophageal pressures 
and evaluation of the adaptive response of the HPZ 
to increases in intragastric pressure were similar to 
that described for the experimental studies. The pH 


+ Arndorfer Medical Specialties, Greendale, Wisconsin. 
ti Arndorfer Medical Specialties, Greendale, Wisconsin. 
$ Model 8870A, Hewlett Packard, Andover, Massachusetts. 
! Model 1230C, Hewlett Packard, Andover, Massachusetts. 
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A. STECAEL 


reflux test was performed by instilling 300 cc of 0.1 N 
HCl into the stomach and recording the pH 5 cm 
proximal to the HPZ using the same techniques 
and criteria as outlined earlier in the paper. 
Postoperative studies were performed approxi- 
mately two weeks after operation in 17 of these pa- 





Fic. 7. Techniques employed in performance of Collis-Belsey 


(A) and Collis-Nissen (B) procedures. 


346 
TABLE 2. Postoperative LES Function Compared to Normals 
LES 
Adaptive pH Reflux 
Amplitude ^ Length Response Test 
Group # (mm Hg) (cm) (ASP/AGP) (pH) 
Normal 10 13.1 4.0 1.54 + 0.11 7.0 
Collis-Belsey 8 11.6 + L7 24 0.2 1.43 £0.21 4.2 + 1.0 
Collis-Nissen 9 18.7% + 2.3 3.91: x 0.4 1.5 +0.12 62+ 0.1 


LES = Lower esophageal sphincter; SP = sphincter pressure; GP 
= gastric pressure. *p < 0.05 compared to Collis-Belsey. tp 
< 0.02 compared to Collis-Belsey. Results expressed as meah values 
+ SEM. 


tients (Collis-Belsey-8, Collis-Nissen-9). Three of 
them had late studies up to two and one-half years 
after operation. They are summarized in Table 2 and 
the same method of statistical analysis as previously 
described was used in comparing results. Representa- 
tive tracings are illustrated in Figures 8 and 9. 

The Collis-Nissen procedure produced pressures 
of greater amplitude (Figs. 9 and 10) and length 
than did the Collis-Belsey operation and these differ- 
ences were Statistically significant. While the ability 
of the two procedures to restore a normal adaptive 
response of the HPZ appears to be comparable, the 
Collis-Nissen procedure was more effective in pre- 


venting reflux than was the Collis-Belsey procedure, 
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Fic, 8. Short esophagus with stricture. Resting esophageal pres- 
sure records at LES in a patient before (upper panel) and after 
(lower panel) a Collis-Nissen operation. Note increase in amplitude 
of pressure at the HPZ after operation and the relaxation response 
to swallowing (middle pressure record lower panel). (Signal 
markers indicate 1 cm withdrawals. HPZ = high pressure zone. 
Numbers at left signify distance from nostril to recording site.) 
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Fic. 9. Short esophagus with stricture. Resting esophageal pres- 
sure records at LES in a patient after a Collis-Belsey operation 
(upper pahel) and a Collis-Nissen operation (lower panel). (Signal 
markers indicate 1 cm withdrawals. HPZ = high pressure zone.) 


for none of the patients so treated had a positive pH 
reflux test postoperatively, while all but one of the 
patients studied after the Collis-Belsey operation ex- 
hibited a positive response to the pH reflux test. 


Clinical Results 


Although only a small number of cases are involved 
and the follow-up period is short, brief mention should 
be made of the early clinical results in these patients, 
all but one, who has been lost to follow-up, having 
been followed-up to the time of preparation of this 
report. The average follow-up period of those under- 
going the Collis-Belsey procedure was 20 months and 
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Fic. 10. Amplitude of high pressure zone (HPZ) after Collis- 
Belsey and Collis-Nissen operations. The normal range represents 
values obtained from 14 patients without demonstrable esophageal 
disease. 
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of those undergoing the Collis-Nissen procedure seven 
months. 

Of the ten patients available for follow- -up after the 
Collis-Belsey procedure, six had either good or excel- 
lent results, four of whom required one to two post- 
operative dilations. Four who have required repeated 
dilations postoperatively are considered as poor re- 
sults. One of these has subsequently undergone resec- 
tion of the stricture arid &Golon interposition. Only one 
of the nine patients hä Fequired continued dilations 
after the Collis-Nissen dBeration. The remaining eight 
have good to excellent lésults, three having required 
one or two dilations early after operation. 


Discussion 


There continues to be disagreement among surgeons 
as to the existence of a "short esophagus.” Belséy! 
for example sees no need for an esophageal lengthen- 
ing procedure in cáses of esophageal stricture if com- 
plete mobilization of the esophagus is performed. Hill 
and associates’ staunchly deny the existence of a short 
esophagus, but this belief stems from a report on 
patients whose lower esophagus was lined by columnar 
epithelium (Barrett’s esophagus), a different entity 
from that under discussion here. We agree with those 
who claim thát longstanding reflux resulting in àn 
esophageal stricture at the esophagogastric junction 
may also lead to loss of esophageal length.!^?? Adding 
length to the esophagus in such cases by use of a 
gastroplasty lessens tension on the repair and provides 
soft, pliable tissue for incorporation in an antirefiux 
maneuver, permitting peroral dilation and healing of 
the stricture. We have preferred this approach to one 
which surrounds the fibrotic stricture directly within 
the chest with a Nissen total wrap though it has 
been used with success by others.!! The small num- 
ber of cases in the current series suggests that shorten- 
ing of the esophagus is not a common entity. 

Ihe experimental work we have presented shows 
clearly that in the abserice of the LES, the forma- 
tion of a gastric tube within the abdomen is not 
enough to prevent reflux. This is in cáilltast to the 
findings of Henderson and associates? whose experi- 
mental model was difféfént in that it involved the 
dog not the cat anda longer gastric tube was fashioned 
from the greater not lesser curvature of the stomach. 
Nonetheless, our findings lend support to our earlier 
conclusions?'!? that in the absence of an effective LES 
the mere establishment of long intra-abdominal tube is 
not enough to ensure gastroesophageal competence. 

Gastroplasty must, therefore, be combined with an 
antireflux procedure to ensure restoration of compe- 
tence. As far as we are aware, this is the first experi- 
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mental study comparing the relative antireflux prop- 
erties of the Collis-Belsey and the Collis-Nissen 
operations. The clear superiority of the latter proce- 
dure is evident from the reported results. The Collis- 
Nissen operation exceeded the Collis-Belsey proce- 
dure in effectiveness in all parameters measured ex- 
cept the adaptive response of the newly created HPZ. 
The superiority of a complete fundal wrap of the 
lower esophagus rendered experimentally hypotensive 
over other types of antireflux maneuvers has pre- 
viously been reported from this laboratory.®!° It is 
not surprising, therefore, that the superior antireflux 
properties of the Nissen fundal wrap should apply 
equally well when used to surround a Collis gastro- 
plasty tube. 

The manometric studies we are reporting on patients 
also suggest that the Collis-Nissen operation is more 
successful than the Collis-Belsey in preventing reflux, 
for no patient exhibited a positive pH reflux test after 
the Collis-Nissén, while all but one of the Collis- 
Belsev patients did. Moreover, the amplitude and length 
of the HPZ was significantly greater after the Collis- 
Nissen procedure. 

Others have reported mariometric studies after these 
operations but with conflicting results. Thus, Hender- 
son? reports a modest drop in pressure at the HPZ 
after the Collis-Belsey as compared to preoperative 
values while Orringer and Sloan!? have reported a 
doubling of the amplitude and length of the HPZ after 
the Collis-Belsey to levels comparable to those re- 
ported by us. Cooper and his associates,* however, 
have shown a far greater rise in pressure at the HPZ 
after the Collis-Belsey procedure to a mean maximal 
value of 27 mm Hg. Henderson, on the other hand, 
has consistently recorded higher pressures at the HPZ 
after the Collis-Nissen procedure than after the Collis- 
Belsey operation as have we in this presentatiori, in 
contrast to Orringer and Sloan’* who show relatively 
little difference between the two operations as far as 
amplitude of pressure at the HPZ is concerned. How- 
ever, they, as we, comment on its increased length 
after the Collis-Nissen procedure. 

These findirigs are significant only as they relate to 
the presence or absence of reflux. "This was present 
in 30% of Orringer and Sloan's? post-Collis-Belsey 
patients as measured by the pH reflux test and in 4696 
of Henderson’s® patients, a somewhat lower incidence 
than we are reporting in a smaller group of cases. On 
the other hand, Pearson! reporting on a large series 
of patients after the Collis-Belsey procedure en- 
countered only 7% of patients with symptomatic re- 
flux. More importantly, he and others have had greater 
success than we have had in providing permanent 
control of dysphagia in stricture patients after treat- 
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ment with the Collis-Belsey operation. Of 26 patients 
followed by him from five to 12 years all but one had 
excellent results.!* By contrast, four of the ten patients 
we have followed for aii average of 20 months con- 
tinue to require dilations and are classified as poor 
results. | | 

It is difficult to reconcile these conflicting results. 
Undoubtedly, case selection is a factor. We have re- 
stricted the operation to patients with severe strictures, 
some of whom had scleroderma ás their underlying 
disease while most other reported series include a 
wider variety of esophageal disturbances among the 
operated cases. The technique of performing the opera- 
tion must inevitably affect postoperative manometric 
findings and long-term clinical results: Some surgeons 
are obviously better able to achieve gastroesophageal 
competence after a, Collis-Belsey procedure than 
others. This may be related to technical factors, such 
às the amount of circumference of the gastric tube 
involved in the antireflux maneuvers and the caliber 
of the indwelling tube during its, performance. 
. On the basis of our experimental and.clinical data, 
however, we believe the evidence supports the su- 
periority of the Collis-Nissen procedure over the Collis- 
Belsey and continue to prefer its use in carefully se- 
lected patients, with short esophagus and stricture 
resistant to conventional efforts at peroral dilation. As 
yet, we do not feel justified in expariding the indica- 
tions of the operation to other esophageal conditions 
which we believe can be treated as well if not better 
by simpler surgical techniques. 
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(Slide) This is the esophagoscopic appearance of this case, be- 
cause, like Dr. Ellis, we feel very strongly that only the very severe 
cases of esophagitis with a thick fibrous ring and active ulcerative 
esophagitis are candidates for the fundic patch operation. 

(Slide) The approach we use is essentially the same as the one 
we described ten years ago, using the split thickness skin graft to 
cover the fundic patch. The strictured area is incised and the fundic 
patch used to form a roof. A #50 Maloney dilator forms the initial 
calibration for tliis reconstruction. 

(Slide) We pay considerable heed to the valvuloplasty, finally cali- 
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brating the reconstructured neoesophagus around a #30 Maloney di- 
lator. In the rural area where we work, the studies available to Dr. 
Ellis are not available to us, but with these simple means we can 
get an adequate. reconstruction. Of the ten cases we have done in 
the last five years, only one case—and this was at the level of the 
aortic arch —has required any subsequent dilatation. whatsoever. 

(Slide) Here is the same case as I showed you. Here is the re- 
constructed esophagus which is now of normal caliber, the fundic 
valvuloplasty is formed around it and this, the neostoma, comes 
well down into the fundus. | 

(Slide) We continue to use this general approach in a number 
of other distal esophageal problems, and this is the socalled post- 
emetic perforation of the esophagus, 30 hours after perforation. You'll 
notice the extensive mediastinitis, and here is the debrided perfor- 
ation, the stomach is used to reline it. In this case we do not use 
a skin graft. 

(Slide) Here is the reconstruction, using the stomach. I think the 
mistake some people have made is to close these perforations. It's 
much safer to simply patch them in this fashion and to build a valve 
at the other end. 

For hiatal hernias we find an abdominal approach preferable. In 
essence, the fundic valvuloplasty done is identical to that done for 
stricture. An esophagatomy is of course not necessary. 

I would like to point out that the techniques we have described 
offer safe and simple solutions to the manifold problems of the distal 
esophagus. 


Dr. F. GRIFFITH PEARSON (Toronto, Ontario): Dr. Ellis has con- 
cisely presented both experimental and clinical experience from a 
study comparing two operative techniques used for the control of 
gastroesophageal reflux. Dr. Ellis has clearly identified the confusion 
which exists in the reporting of different results in different parts 
of the country. 

Without having time to present the detailed data, I believe the 
differences in reported results relate more to technical differences in 
the operative procedure, than to any other factor. This contention 
has been supported by our experience during the past few years 
with the use of intraoperative esophageal pressure studies. Dr. 
Lucius Hill has recently reported his extensive experience with intra- 
operative pressure monitoring and has clearly identified the impor- 
tance of apparently small, technical modifications in the operation 
as they relate to the final pressure achieved in the distal high pres- 
sure zone. Using his own repair, Dr. Hill has identified a critical 
relationship between the level oflower esophageal pressure achieved 
and the clinical result. In his series of 200 patients followed for 
up to three years, no patient with a postoperative, lower esophageal 
pressure greater than 15 mm Hg had symptomatic or radiologically 
demonstrable reflux. 

We have prospectively evaluated 20 patients with reflux problems 
who were managed bv a modified gastroplasty and a Belsey-type 
of partial fundoplicaticn. These patients had preoperative, intraop- 
erative and postoperative esophageal pressure measurements. Two 
other reports in the literature of gastroplasty combined with partial 
fundoplication have recorded preoperative and postoperative esoph- 
ageal pressures. Although itis clearly impossible to compare absolute 
values, it seems reasonable to compare the percentage increase be- 
tween preoperative and postoperative esophageal pressures. Dr. 
Hill, reporting on 200 patients records a postoperative pressure which 
is more than three times the preoperative level, records an incidence 
of symptomatic reflux of less than 5%. In our own series of patients, 
the postoperative lower esophageal pressure is miore than double 
the preoperative value, and we liave observed an 11% incidence 
of postoperative symptomatic reflux. Orringer, reporting on 75 pa- 
tients managed by gastroplasty and partial fundoplication observed a 
postoperative elevation of about 1.5 times the preoperative level, 
records a 19% incidence of recurrent reflux. Henderson, reporting 
on 35 patients managed by gastroplasty and partial fundoplication 
actually observed a drop in lower esophageal pressure after this 
.. repair, records the highest incidence of postoperative reflux at 4596. 
7 Again, I would state that the differences in percentage increase in 
lower esophageal pressure after repair in these various reports are 
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logically explained by technical differences in the operative proce- 
dure done and are reflected in the quality of the results obtained. 

I will also comment on the usé of the pH reflux test as a measure 
of reflux control. This test is unquestionably the most sensitive in- 
dex of reflux, but the following question may be asked. Is a negative 
reflux test which is obtained under conditions of strain, with the 
stomach full of acid and the patient prone, indictative of normal 
physiology? I suspect not. It may well be that any operation which 
totally prevents reflux under all conditions designed to induce reflux 
is likely to have associated adverse effects such as the inability 
to burp or still worse the inability to vomit. Such side effects may 
be considerably less tolerable to the patient than occasional episodes 
of heartburn following a Christmas dinner or an evening with the 
wine. In a group of normal controls reported on by Demeester, 
20% of patients had a positive pH reflux test. It may be that the 
optimal result following hiatal repair is a pH reflüx test which does 
show some reflux under conditions of strain. Dr. Ellis uses the pH 
reflux test as one of the most significant indices of a successful 
opération, and Í think this may be somewhat misleading. The state- 
ment that completé fundoplication results in more complete reflux 
control than partial fundoplication is incontestible. I think much of 
this information has been evident for 20.or more years. However, 
I do not believe that reflux control alone is the only objective or the 
only index of an optimal functional result. 

As Mr. Ronald Belsey has stated in the past, the success of any 
surgical procedure is written in the follow-up clinic. We have accum- 
ulated experience with 220 patients with complex reflux problems 
managed by modified Collis. gastroplasty combined with a Belsey 
type of partial fundoplication. One hundred and four of these pa- 
tients had peptic stricture with acquired shortening and 65 had had 
one or more prior hiatal repairs. Twenty-nine patients had gastro- 
esophageal reflux associated with a primary motor disorder, and 
25 patients had severe panmural esophagitis with shortening but 
without significant stricture. Complete clinical follow-up is available 
on 96% of these patients and extends from one to 15 years following 
repair. No patient has been reoperated on because of recurrent symp- 
tomatic reflux. The incidence of significant symptomatic reflux, re- 
quiring medical therapy, is just under 5%, and the overall incidence 
of symptomatic reflux of even minimal degree is 1126. 

The problem is to identify methods which will objectively and 
quantitatively evaluate results, and we still seem a long way from 
that goal. Dr. Ellis' use of the pH reflux test and pressure moni- 


` toring is certainly a step in the right direction, but the type of evalua- 


tion required is really complex. Although reflux control is an essential 
objective of treatment, the ability to swallow comfortably, burp and 
vomit when necessary can be of equally significant concern to the 
patient. 


.DR. HAROLD CLIFTON URSCHEL, JR. (Dallas, Texas): After recog- 
nizing the discrepancy in the results of two operations, Dr. Ellis 
evaluated them in the laboratory and tried to assess them clinically. 
I have no experience with the Collis-Nissen procedure. However, 
based on our own experience, I would raise the question of whether 
these data with such a small number of cases, followed such a short 
time, should deprecate the Collis-Belsey operation. 

Following Dr. Pearson's lead ten years ago, we employed the 
Collis-Belsey procedure for strictures such as Dr. Ellis reported 
today. Subsequently, because of a recognized failure of the Belsey 
operation alone in about 1296 of patients, we employed the Collis- 
Belsey procedure for complicated cases with a higher propensity 
for recurrence, such as obese patients, recurrent hiatal hernias re- 
quiring reoperation and severe pulmonary complications. Because 
of the lack of complications of the Collis-Belsey procedure, 
now we employ it in all cases on a routine basis where surgery 
is required to control gastroesophageal reflux. 

Approximately 200 patients with the Collis-Belsey operation have 
been assessed in the last ten years. Four patients have had dem- 
onstrated reflux in the postoperative period. Only one patient, how- 
ever has been symptomatic following this procedure. Minor episodes 
of reflux occur clinically in these patients postoperatively. Patients 
with stricture, have to have an occasional dilatation. 
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Technical considerations which we feel are important to successful 
results with the Collis-Belsey operation include: use of a 48—50 
bougie to construct the tube in a 70 kg. adult (scale down propor- 
tionately); too large a bougie encourages reflux; the distal end of the 
gastric tube must not flare or reflux will occur, and a generous fun- 
doplication with all sutures in the gastric tube (not the esophagus) 
is important. 

To prevent reflux in patients with scleroderma or a modified Heller 
operation of achalasia, the Collis-Belsey operation is distinctly better 
than the Collis-Nissen in these patients with ''aperistaltic esopha- 
gus." A circumferential fundoplication may be dangerous and defeat 
the purpose of the procedure. 

Í hope that Dr. Ellis would consider a longer follow- -up, more 
cases, a more in-depth technical evaluation, without a total rejection 
of what we would consider an acceptable clinical procedure. 


DR. F. HENRY ELLIS, Jr. (Closing discussion): Dr. Thal's contri- 
bution to the management of spontaneous rupture of the esophagus 
is well known and he is to be commended for having modified his 
operation to include fundoplication. 

I agree with Dr. Pearson that there may be technical factors in- 
volved in the different reported results. Perhaps more importantly, 
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there may be a difference in the types of patients involved, for I 
suspect that there is a range of pathologic entities tliat are described 
as strictures. There are some that are transmural and very fibfotic 
that do not respond readily to surgical antireflux procedures: 
This may account for the fact that some of our patients in the Collis- 
Belsey group were not benefited, even though there. was relatively 
little reflux afterwards. I must emphasize, though, that the purpose 
of this paper was not to present clinical results, except insofar as 
they supplement the manometric and physiologic studies. l 

Both Dr. Pearson and Dr. Urschel use the Collis-Belsey procedure 
for a wide variety of conditions, while this report is concerned only 
with stricture. If the stricture continues to require dilation postopera- 
tively, the operation was not a success and a 40% failure rate with 
the Collis-Belsey operation over a period of fifteen montis is not 
success in my mind. 

The status of the Collis operation combined with an aritirefux 
maneuver remains uncertain, different results being reported.on dif- 
ferent types of patients, employing different techniques. Only by 
discussions such as this can we get some uniformity of opinion 
not only about the patients we are operating on but how we study 
them and the surgical techniques that we use in doing the various 
operations. ae 
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mycin (doxorubicin hydrochloride) for Injection is followed by rapid plasma clearance and significant 
tissue binding. Urinary excretion, as determined by fluorimetric methods, accounts for approxi- 
mately 4-5% of the administered dose in five days. Biliary excretion represents the major excretion 
route, 40-50% of the administered dose being recovered in the bile or the feces in seven days. 
Impairment of liver.function results in slower excretion, and, consequently, increased retention and 
accumulation in plasma and tissues. Adriamycin does not cross the blood brain barrier. 


INDICATIONS 

Adriamycin has been used successfully to produce regression in disseminated neoplastic condi- 
tions such as acute lymphoblastic leukemia, acute myeloblastic leukemia, Wilms' tumor, neuroblas- 
toma, soft tissue and bone sarcomas, breast carcinoma, ovarian carcinoma, transitional cell bladder 
carcinoma, thyroid carcinoma, lymphomas of both Hodgkin and non-Hodgkin types and bronchogenic 
carcinoma in which the small cell histologic type is the most responsive compared to other cell 
types. A number of other solid tumors have also shown some responsiveness but in numbers too 
limited to justify specific recommendation. Studies to date have shown malignant melanoma, kidney 
carcinoma, large bowel carcinoma, brain tumors and metastases to the Central Nervous System not 
to be significantly responsive to Adriamycin therapy. 


CONTRAINDICATIONS 

Adriamycin therapy should not be started in patients who have marked myelosuppression induced 
by previous treatment with other antitumor agents or by radiotherapy. Conclusive data are not 
available on pre-existing heart disease as a co-factor of increased risk of Adriamycin induced 
cardiac toxicity. Preliminary data suggest that in such cases cardiac toxicity may occur at doses 
lower than the recommended cumulative limit. It is therefore not recommended to start Adriamycin 
in such cases. Adriamycin treatment is contraindicated in patients who received previous treatment 
with complete cumulative doses of Adriamycin and daunorubicin. 


WARNINGS 

Special attention must be given to the cardiac toxicity exhibited by Adriamycin. Although 
uncommon, acute left ventricular failure has occurred, particularly in patients who have received 
total dosage of the drug exceeding the currently recommended limit of 550 mg/m*. This limit 
appears to be lower (400 mg/m?) in patients who received radiotherapy to the mediastinal area or 
concomitant therapy with other potentially cardiotoxic agents such as cyclophosphamide. The total 
dose of Adriamycin administered to the individual patient should also take into account a previous or 
concomitant therapy with related compounds such as daunorubicin. Congestive heart failure and/or 
cardiomyopathy may be encountered several weeks after discontinuation of Adriamycin therapy. 

Cardiac failure is often not favorably affected by presently known medical or physical therapy for 
cardiac support. Early clinical diagnosis of drug induced heart failure appears to be essential for 
successful treatment with digitalis, diuretics, low salt diet and bed rest. Severe cardiac toxicity may 
occur precipitously without antecedent EKG changes. Baseline EKG and periodic follow-up EKG 
during, and immediately after, active drug therapy is an advisable precaution. Transient EKG 
changes, such as T-wave flattening, S-T depression, and arrhythmias are presently not considered 
indications for suspension of Adriamycin therapy. A persistent reduction in the voltage of the QRS 
wave is presently considered more specifically predictive for cardiac toxicity. If this occurs, the 
benefit of continued therapy must be carefully evaluated against the risk of producing irreversible 
cardiac damage. 

There is a high incidence of bone marrow depression, primarily of leukocytes, requiring careful 
hematologic monitoring. With the recommended dosage schedule, leukopenia is usually transient, 
reaching its nadir at 10-14 days after treatment with recovery usually occurring by the 21st day. 
White blood cell counts as low as 1000/mm? are to be expected during treatment with appropriate 
doses of Adriamycin. Red blood cell and platelet levels should also be monitored since they may also 
be depressed. Hematologic toxicity may require dose reduction or suspension or delay of Adriamycin 
therapy. Persistent severe myelosuppression may result in superinfection or hemorrhage. 

Adriamycin may potentiate the toxicity of other anticancer therapies. Exacerbation of cyclophos- 
phamide induced hemorrhagic cystitis and enhancement of the hepatotoxicity of 6-mercaptopurine 
have been reported. Radiation induced toxicity to the myocardium, mucosae, skin and liver have 
been reported to be increased by the administration of Adriamycin. 

Toxicity to recommended doses of Adriamycin is enhanced by hepatic impairment: therefore, prior 
to the individual dosing, evaluation of hepatic function is recommended using conventional clinical 
laboratory tests such as SGOT, SGPT, alkaline phosphatase, bilirubin, and BSP. (See Dosage and 
Administration.) 

On intravenous administration of Adriamycin, a stinging or burning sensation signifies a small 
degree of extravasation and even if blood return from aspiration of the infusion needle is good, the 


* injection or infusion should be immediately terminated and restarted in another vein. 





PRECAUTIONS 

Initial treatment with Adriamycin requires close observation of the patient and extensive labora- 
tory monitoring. It is recommended, therefore, that patients be hospitalized at least during the first. 
phase of the treatment. 

There is no adequate information on whether this drug may adversely effect fertility in human 
males or females, or have a teratogenic potential or other adverse effects on the fetus. Experimental 
teratology studies, though not showing a definite increase in specific or nonspecific malformations 
indicate a moderate interference with the viability of embryos and fetuses. Adriamycin has been 
shown to be abortifacient when given in high doses to rabbits. Therefore, the benefits to the pregnant 
patient should be weighed against the potential toxicity to fetus and embryo. Adriamycin and related 
compounds have also been shown to have mutagenic and carcinogenic properties when tested in 
experimenta! models. 

Like other cytotoxic drugs, Adriamycin may induce hyperuricemia secondary to rapid lysis of 
neoplastic cells. The clinician should monitor the patient's blood uric acid level and be prepared to 
use such supportive and pharmacologic measures as might be necessary to control this problem. 

Adriamycin imparts a red coloration to the urine for 1-2 days after administration and patients 
should be advised to expect this during active therapy. 

Adriamycin is not an anti-microbial agent. 


ADVERSE REACTIONS 

Dose limiting toxicities of therapy are myelosuppression and cardiotoxicity (see Warnings). Other 
reactions reported are: 

Cutaneous —Reversible complete alopecia in most cases. Hyperpigmentation of nailbeds and der- 
mal creases, primarily occurs in children, have been reported in a few cases. Recall of skin reaction 
due to prior radiotherapy has occurred with Adriamycin administration. 

Gastrointestinal—Acute nausea and vomiting occurs frequently and may be severe. This may be 
alleviated by antiemetic therapy. Mucositis (stomatitis and esophagitis) may occur 5-10 days after 
administration. The effect may be severe leading to ulceration and represent a site of origin for 
severe infections. The dose regimen consisting of administration of Adriamycin on three successive 
days results in the greater incidence and severity of mucositis. Anorexia and diarrhea have been 
occasionally reported. 

Vascular —Phlebosclerosis has been reported especially when small veins are used or a single 
vein is used for repeated administration. Facial flushing may occur if the injection is given too 
rapidly. 

Local — Severe cellulitis, vesication and tissue necrosis will occur if Adriamycin is extravasated 
during administration. Erythematous streaking along the vein proximal to the site of the injection has 
been reported. 

Hypersensitivity — Fever, chills and urticaria have been reported occasionally. Anaphylaxis may 
occur. A case of apparent cross sensitivity to lincomycin has been reported. 

Other — Conjunctivitis and lacrimation occur rarely. 


DOSAGE AND ADMINISTRATION 

Care in the administration of Adriamycin will reduce the chance of perivenous infiltration. It may 
also decrease the chance of local reactions such as urticaria and erythematous streaking. 

The recommended dosage schedule is 60-75 mg/m* as a single intravenous injection adminis- 
tered at 21-day intervals. The lower dose should be given to patients with inadequate marrow 
reserves due to old age, or prior therapy, or neoplastic marrow infiltration. An alternative dose 
schedule is 30 mg/m* on each of three successive days repeated every 4 weeks. Adriamycin dosage 
must be reduced if hepatic function is impaired according to the following table: 







Serum Bilirubin BSP Recommended 
Levels Retention Dose 


1.2-3.0 mg% 9-15% v2 normal dose 
> 3 mg% >15% '4 normal dose 


Preparation of Solution: Adriamycin 10 mg vials and 50 mg vials should be reconstituted with 5 ml 
and 25 ml, respectively, of Sodium Chloride Injection U.S.P. to give a final concentration of 2 mg/ml 
of doxorubicin hydrochloride. An appropriate volume of air should be withdrawn from the vial during 
reconstitution to avoid excessive pressure build-up. 

Skin reactions associated with Adriamycin have been reported. Caution in the handling and 
preparation of the powder and solution must be exercised and the use of gloves is recommended. If 
Adriamycin powder or solution contacts the skin or mucosae, immediately wash thoroughly with 
soap and water. 

After adding the diluent, the vial should be shaken and the contents allowed to dissolve. The 
reconstituted solution is stable for 24 hours at room temperature and 48 hours under refrigeration 
(4-10°C). It should be protected from exposure to sunlight and any unused solution should be 
discarded. 

It is recommended that Adriamycin be slowly administered into the tubing of a freely running 
intravenous infusion of Sodium Chloride Injection U.S.P. or 5% Dextrose Injection U.S.P. The tubing 
should be attached to a Butterfly needle inserted preferably into a large vein. The rate of adminis- 
tration is dependent on the size of the vein and the dosage. However, the dose should be adminis- 
tered in not less than 3 to 5 minutes. Local erythematous streaking along the vein as well as facial 
flushing may be indicative of too rapid an administration. A burning or stinging sensation may be 
indicative of perivenous infiltration and the infusion should be immediately terminated and restarted 
in another vein 

Adriamycin should not be mixed with heparin since it has been reported that these drugs are 
incompatible tc the extent that a precipitate may form. Until specific compatibility data are availa- 
ble, it is not recommended that Adriamycin be mixed with other drugs. 

Adriamycin has been used in combination with other approved chemotherapeutic agents. Though 
evidence is available that at least in some types of neoplastic disease combination chemotherapy is 
superior to sincle agents, the benefits and risks of such therapy have not yet been fully elucidated. 


HOW SUPPLIED 

ADRIAMYCIN " (doxorubicin hydrochloride) for Injection is available in two sizes: 

10 mg—Each vial contains 10 mg of doxorubicin HCI and 50 mg of lactose U.S.P. as a sterile 
red-orange lyophilized powder. Packaged and supplied in 10-vial cartons NDC 38242-874- 10. 

90 mg-Each vial contains 50 mg of doxorubicin HCI and 250 mg of lactose U.S.P. as a sterile 
red-orange lyophilized powder. Packaged and supplied in a single vial carton 
NDC 38242-875-50. 
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2 T^ Distributed by Adria Laboratories Inc. 
A d rea 582 West Goodale Street, Columbus, Ohio 43215 
We Manufactured by: Farmitalia S.p.A., Italy. 
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Up to 100,000 deaths 
from Pulmonary Embolism . 
can be prevented 


Now you can ambulate your patients on the table with 
the Venodyne® intermittent compression system. 








Bl Venodyne simulates calf muscle action. 





BI Venodyne is totally non-invasive and 
non-pharmacologic. 


E Venodyne is simple to operate, 
compact, noiseless. 


Annually about 6,000,000 adults in the 
United States suffer from episodes of pul- 
monary embolization and the mortality rate is 
close to 100,000 per year.! The deep leg veins 
are the source of the embolism in most pa- 
tients.^ And two-thirds of the deaths from 
massive embolism have been considered to 
be potentially preventable.^ Additionally, it 
has been estimated that 5096 or more of 
patients presenting with venous thrombosis 
suffer from some form of post-thrombotic 
syndrome by 5 to 10 years after the throm- 
botic event?. 

Early ambulation, leg exercises and elastic 
stockings have not significantly reduced the 
incidence of thrombophlebitic disease. Clot- 


ting normally commences before prophylac- 
tic measures have been instituted... usually 
while the patient is on the operating table. The 
various anticoagulants are the occasion of 
numerous contraindictions and complica- 
tions. 

Non-invasive, non-pharmacologic VENO- 
DYNE prophylaxis has been clinically shown 
to be as effective as anticoagulation, and 
much more effective than the various other 
physical methods of prophylaxis. 

The VENODYNE system employs an in- 
flatable plastic leg sleeve providing intermit- 
tent calf compression to simulate the normal 
calf muscle action of venous return. In es- 
sence, the system ambulates the patient on 
the operating table while under general anes- 
thesia, or during any period of bed confine- 
ment. The system is safe, simple, and practical 
to use — and it's virtually trouble-free. Patient 
and nurse acceptance has been excellent. 

Reprints of a number of professional pa- 
pers on intermittent compression prophylaxis 
are available. Write for free copies. 





1. Cudkowicz and Sherry, Heart and Lung, 
Vol 7, No 1, Jan-Feb 1978 ae 


2. Gallus, Venous Thromboembolism, 
Prevention and Treatment, y W 
Appleton-Century-Crofts, New York, NY 1976 üc 
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Exclusively from: 


Lyne-Nicholson, Inc. 
1000 Highland Ave., Needham Heights 
MA 02194 Tel. 617-449-4900 
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A unique narcotic 
analgesic formula with 
hydrocodone-a 
semi-synthetic analogue -. 
of codeine with ó times 
the potency of the 
parent drug 


...combined 

with 5OOmg. of 
acetaminophen 
for improved 
analgesic activity 
in moderate 

to moderately 
severe pain 


Controlled clinical trials in patients 
with moderate to moderately 
severe pain have shown that 10 mg. 
of hydrocodone is approximately 
equivalent to 60 mg. of codeine in 
producing total pain relief? In 
addition, 500 mg. of 
acetaminophen is a clearly more 
effective dose than the 300 mg. 
provided by many codeine/ 

jest kde diu combinations ?^^ 


1. Data on file at Knoll Pharmaceutical Company (lo be 
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A major alternative to 


combinations of codeine with 
non-narcotic analgesics 


Analgesic effectiveness of VICODIN" 
in post operative pain‘ 
3 









Vicodin 
mm Placebo 


Mean Pain Relief 

2 0 none 1 a little 
2 some 3 alot 
4 complete 


Hours 1/2 ] 2 3 4 " Ó 


Analgesic response to VICODIN; Tylenol with Codeine #3, 


* In a placebo-controlled double- 


blind study © in patients experienc- 
ing moderate or moderately se- 
vere pain after surgery, VICODIN 
was administered to 8 patients 
and a placebo to 8 others. 


* Over a 6-hour evaluation period, 


VICODIN showed statistically sig- 
nificant superiority in terms of 
mean pain relief over placebo at 
hours 2, 3, 4 and 5, after adminis- 
tration. 


* in addition, VICODIN was statisti- 


cally superior to placebo both in 
terms of total acceptability and 
total pain relief 


6. Data on file at Knoll Pharmaceutical! 
Company (To be published) 


and Placebo in 90 post partum patients’ 


VICODIN 
(30 patients) 


Tylenol 
with Codeine#3 


(30 patients) 


Placebo 
(30 patients) 


* Three groups of 30 women each 


with modercte or moderately- 
severe post partum pain following 
episiotomy were treated with 
VICODIN, Tylenol® with Codeine 
#3, and a placebo. 7 


27% 
Fair/Poor 


4*2 A I I 
es 
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‘In this controlled double-blind 


study, VICODIN showed statisti- 
cally significant superiority over 
Tylenol® with Codeine #3 in terms 
of overall patient acceptability. 


ZU Fair/Poor 


67% 
Fair/Poor 





The convenience 
of telephone 
prescribing and 


Rx refills 

VICODIN" is a schedule III 
narcotic. 

Up to 5 refills in 6 months, 
at your discretion, where 
state law permits. 

And, prescribing by 
phone is permissible in 
most states. 





Long-lasting 
analgesic effects 


The usual adult dose is 
one tablet every six hours, 
as needed. 


Dosage is adjusted 
according to the severity 
of pain and the response 
of the patient. 


hydrocodone bitartrate 5 mg. with acetaminophen 500 mg. 


Effective 
analgesic activity 
within 30 minutes 


Studies 6.7 show that 
effective analgesic results 
can be achieved with 
VICODIN within 30 
minutes. 





Central and 
peripheral sites of 
action for greater 


pain relief 


Hydrocodone in 
VICODIN™ alleviates pain 
through central effects 
while the acetaminophen 
in VICODIN works at the 
site of pain as well as on 
the CNS. 

Thus, complementary 
analgesic effects are 
achieved with two drugs 
that work at two different 
sites. 


PRINTED IN U.S.A AUGUST 1978 


Description: Each tablet of VICODIN contains: 
Hydrocodone Bitartrate 5 mg 

(Warning: May be habit forming.) 
Acetaminophen (APAP) 500 mg 

Acetaminophen occurs as a white, odorless crystalline powder, possessing a slightly 
bitter taste. 

The hydrocodone component is dihydrocodeinone, a white. odorless crystalline pow- 

der which is derived from the opium alkaloid, thebaine. 
Actions: The principal analgesic ingredient, hydrocodone, is a semisynthetic narcotic 
with multiple actions qualitatively similar to those of morphine; most of these involve the 
central nervous system and organs composed of smooth muscle. The principal actions of 
therapeutic value of the hydrocodone in this drug are analgesia and sedation. 

Hydrocodone is similar to codeine and methadone in that it retains at least one half of 
its analgesic activity when administered orally. 

This drug also contains the non-narcotic antipyretic-analgesic acetaminophen 

indications: For the relief of moderate to moderately severe pain 
Contraindications: Hypersensitivity to hydrocodone or acetaminophen. 
Warnings: Drug Dependence: Hydrocodone can produce drug dependence of the 
morphine type and, therefore, has the potential for being abused. Psychic dependence. 
physical dependence and tolerance may develop upon repeated administration of this 
drug and it should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications. Like other 
narcotic-containing medications, VICODIN (hydrocodone bitartrate with 
acetaminophen) is subject to the Federal Controlled Substances Act. 

Usage in Ambulatory Patients: Hydrocodone may impair the mental and/or physi- 
cal abilities required for the performance of potentially hazardous tasks such as driving a 
car or operating machinery. The patient using this drug should be cautioned accordingly 

Interaction with other central nervous system depressants: Patients receiving 
other narcotic analgesics, general anesthetics, phenothiazines. other tranquilizers. 
sedative-hypnotics or other CNS depressants (including alcohol) concomitantly with 
hydrocodone and acetaminophen may exhibit an additive CNS depression. When such 
combined therapy is contemplated, the dose of one or both agents should be reduced 

Usage in Pregnancy: Safe use in pregnancy has not been established relative to 
possible adverse effects on fetal development. Therefore, VICODIN should not be used in 
pregnant women unless, in the judgment of the physician, the potential benefits out- 
weight the possible hazards. 

Usage in Children: VICODIN should not be administered to children 
Precautions: Head injury and increased intracranial pressure: The respiratory de- 
pressant effects of narcotics and their capacity to elevate cerebrospinal fluid pressure 
may be markedly exaggerated in the presence of head injury, other intracranial lesions 
or a pre-existing increase in intracranial pressure. Furthermore, narcotics produce ad- 
verse reactions which may obscure the clinical course of patients with head injuries 

Acute abdominal conditions: The administration of VICODIN or other narcotics may 
obscure the diagnosis or clinical course in patients with acute abdominal conditions. 

Special risk patients: VICODIN should be given with caution to certain patients such 
as the elderly or debilitated, and those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease and prostatic hypertrophy or urethral stric- 
ture 
Adverse Reactions: The most frequently observed adverse reactions include light 
headedness, dizziness, sedation, nausea and vomiting. These effects seem to be more 
prominent in ambulatory than in non-ambulatory patients, and some of these adverse 
reactions may be alleviated if the patient lies down 

Other adverse reactions include euphoria. dysphoria, constipation, skin rash and 
pruritus 
Dosage and Administration: The usual adult dose is one tablet every six hours as 
needed for pain. Dosage should be adjusted according to the severity of the pain and 
the response of the patient It may occasionally be necessary to exceed the usual 
dosage recommended above in cases of more severe pain or in those patients who have 
become tolerant to the analgesic effect of narcotics. VICODIN is given orally. 

Drug Interactions: The CNS depressant effects of this drug may be additive with that of 
other CNS depressants. See Warnings. 

Management of Overdosage: Signs and Symptoms: Serious overdose with VICODIN 
(hydrocodone bitartrate with acetaminophen) is characterized by respiratory depres- 
sion (a decrease in respiratory rate and/or tidal volume, Cheyne-Stokes respiration, 
cyanosis), extreme somnolence progressing to stupor or coma, skeletal muscle flaccid- 
ity. cold and clammy skin, and sometimes bradycardia and hypotension. In severe 
overdosage, apnea. criculatory collapse, cardiac arrest and death may occur The 
ingestion of very large amounts of this drug may, in addition, result in acute hepatic 
toxicity 

Treatment: Primary attention should be given to the reestablishment of adequate 
respiratory exchange through provision of a patent airway and the institution of assisted 
or controlled ventilation. The narcotic antagonists naloxone, nalorphine or levallorphan 
are specific antidotes against respiratory depression which may result from overdosage 
or unusual sensitivity to narcotics. including hydrocodone. Therefore, an appropriate 
dose of one of these antagonists should be administered, preferably by the intravenous 
route, simultaneously with efforts at respiratory resuscitation. Since the duration of action 
of hydrocodone may exceed that of the antagonist. the patient should be kept under 
continued surveillance and repeated doses of the antagonist should be administered as 
needed to maintain adequate respiration 

An antagonist should not be administered in the absence of clinically significant 
respiratory or cardiovascular depression 

Oxygen. intravenous fluids, vasopressors and other supportive measures should be 
employed as indicated 

Gastric emptying may be useful in removing unabsorbed drug 

Acetaminophen in massive overdosage may cause hepatotoxicity in some patients. 
Clinical and laboratory evidence of hepatotoxicity may be delayed for up to one week 
Close clinical monitoring and serial hepatic enzyme determinations are therefore rec- 
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Treatment of acute acetaminophen overdosage is purely symptomatic. 
How Supplied: Available as white, bisected. flat capsule-shaped tablets with a double 
K logo 
* Bottles of 100. NDC #0044-0727-02 
- Hospital Unit — Dose dispenser (reverse numbered 25) available in 100's (4 x 25) pak NDC 
#0044-0727-0) 


Knoll Pharmaceutical Company, Whippany, New Jersey 07981 e 
Member Company. Certified Medical Representatives Institute, Inc 
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fay) PULSE VOLUME RECORDER ^v 
5 J The NON-INVASIVE Clinical Vascular Laboratory 


An Extensively Documented Clinical Procedure for 
the Quantitative Evaluation of Peripheral Vascular Disease: 


Arterial — Venous — Cerebral 








ieee ; Ophthalmic artery pressure is read 
Excellent Long-term Reproducibility and Calibrated deoii ah ha CC Attachi ce 
Accuracy by Quantitative Segmental Cuff Technique the PVR for the evaluation of col- 


lateral circulation to each eye, and 
its respective cerebral hemisphere. 


PULSE VOLUME 
CURVE BY 


INTRA-ARTERIAL VENOUS THIGH CUFF 


CANNULATION RELEASE 


EVALUATION “4 


—>! {sec '<+— 






















PULSE VOLUME 
CURVE OBTAINED 
FROM CALIBRATED 
PVR SEGMENTAL 
PRESSURE CUFFS 


AMPLITUDE 


0 0.2 0.4 0.6 0.8 1.0 
HEART PERIOD 


A 15-point scale provides 
Comparison of pressure contours obtained approximately 5% false (+) 
with the PVR and direct cannulation of the and 2 % false (-). 7 
common femoral artery. 


Total Segmental Perfusion (primary vessel plus collaterals) is accu- 
rately documented at the thigh-calf-ankle-metatarsal level and digits. 


The built-in Doppler facilitates the measurement of pressures along 
the arterial tree. 


The COMBINED information of segmental PVR recordings and systolic 


pressure gradient establishes a clinically accurate picture of functional 
perfusion. 


Now available with r 
built-in, Recording 
Bi-Directional Doppler 


References, bibliography, and 
details on request 


Life Sciences Inc. 


270 Greenwich Avenue 
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Reimbursement for In- and Out-Patients under: Various non-profit 
^ hospital and medical-surgical service plans 
» Medicare € Veterans Benefits € Commercial Insurance Companies. 





When the need for injectables 
is over...help keep your patient . 


free of opiates,relieve pain. 
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Potent - Dependable - Nonopiate 


Talwin uci5ono 


brand of . equivalent to 5O mg.base 


DENTAZOCING HCI ses ve 
Relieves pain as well as 60 mg. of codeine. 


MILD ANALGESICS OFTEN DON'T WORK: 


In a double-blind single dose study involving 225 adult inpatients, the comparative efficacy of 650 mg. 
aspirin, 65 mg. dextropropoxyphene, and 50 mg. pentazocine for relief of postoperative pain was recorded. ' 


e Side effects were recorded for 16 patients: in 
the aspirin group 2 patients complained of 
drowsiness and 1 of dizziness. In the dextropro- 
poxyphene group 5 patients vomited and 3 pa- 


* All patients were suffering from moderate or 
severe pain. 


* Pregnant women as well as patients with known 


renal, respiratory, cardiac, or hepatic insuffi- 
ciency were excluded. 


The onset of action of pentazocine was rapid. 


Although aspirin, dextropropoxyphene, and 
pentazocine produced significant relief from 


tients complained of drowsiness or dizziness, 
while 5 patients who had received pentazocine 
complained of dizziness. 


Pentazocine should be an oral analgesic of 
choice for treatment of postoperative pain. 


pain, pentazocine was significantly more effec- 
tive at a half hour. 


Opiates are too addictive, too restrictive: 


"Despite their potent analgesic action, the morphine-like analgesics have disadvantages that limit their 
usefulness: respiratory depression, nausea, vomiting, constipation, cardiovascular effects (hypotension, 
bradycardia), histamine release, and in some patients, an increase in intracranial pressure. Other adverse 
reactions include miosis, spasm of the biliary and urinary tracts, and rarely, hypersensitivity phenomena 
(urticaria, rash, and anaphylactic reactions). Frequent repeated use produces psychic and 
physical dependence.''? 


Oral Talwin shows infrequent occurrence of certain adverse effects as: 


e Severe respiratory depression e Urinary retention 


e Hypotension e Tachycardia 


e Constipation 


Among RARELY REPORTED REACTIONS are those of a psychiatric nature. Even the most acute CNS 
reactions—hallucinations (usually visual) —have cleared spontaneously within a period of hours. With- 
drawal symptoms after prolonged use of Talwin for the relief of pain have rarely been reported, even 
when administration was abruptly discontinued. There have been a few reports of dependence with 
orally administered Talwin. Patients with a history of drug dependence should be under close supervision 
while receiving Talwin orally. 


For Continuing Postsurgical Pain Control 


Talwin uci50n; 


brand of . equivalent to 50 mg.base 


pentazocine HCI «ees 


1 or 2 tablets every three or four hours 





See important product information including warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommendations, a brief summary of which follows. 


Potent —Dependable — Nonopiate 


544A 





brand of 


Talwin HC 50mg 


equivalent to 50 mg.base 


pentazocine HCI tablets, NF. 


Relieves pain of a moderate to severe nature. 
Usual initial adult dose is 1 tablet every 3 or 4 hours. 





Please consult full prescribing information before prescribing. 
A summary follows: 

Talwin HCI is intended for the relief of moderate to severe pain. 
One 50 mg. tablet appears equivalent in analgesic effect to 60 
mg. (1 gr.) of codeine. Talwin is a weak narcotic antagonist with 
sedative activity. 


Contraindication 
Hypersensitivity to pentazocine. 


Warnings 

Drug Dependence. There have been instances of psychological 
and physical dependence on parenteral Talwin in patients with a 
history of drug abuse and, rarely, in patients without such a 
history. Abrupt discontinuance following the extended use of 
parenteral Talwin has resulted in withdrawal symptoms. There 
have been a few reports of dependence and of withdrawal symp- 
toms with orally administered Talwin. Patients with a history of 
drug dependence should be under close supervision while 
receiving Talwin orally. 


In prescribing Talwin for chronic use, the physician should take 
precautions to avoid increases in dose by the patient and to 
prevent the use of the drug in anticipation of pain rather than 
for the relief of pain. 


Head Injury and Increased Intracranial Pressure. Talwin may 
elevate cerebrospinal fluid pressure. This may be markedly exag- 
gerated in the presence of head injury, intracranial lesions and a 
preexisting increase in intracranial pressure. Talwin may obscure 
the clinical course of patients with head injuries. Talwin should 
be used with extreme caution in such patients and only if its use 
is deemed essential. 


Usage in Pregnancy. Safe use of Talwin during pregnancy (other 
than labor) has not been established. Although no teratogenic or 
embryotoxic effects have been reported in animais, Talwin HCI 
should be administered to pregnant patients (other than labor) 
only when potential benefits outweigh possible hazards; and 
cautiously in labor of women delivering prematurely. 


Acute CNS Manifestations. In therapeutic dosage, rarely, tran- 
sient hallucinations (usually visual), disorientation, and confusion 
may occur. Observe such patients carefully and check vital signs. 
Use caution if the drug is reinstituted since the acute CNS mani- 
festations may recur. 


Usage in Children. Not presently recommended under 12. 


Ambulatory Patients. Since sedation, dizziness, and occasional 
euphoria have been noted, ambulatory patients should be 


warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 


Precautions 

Oral Talwin has been rarely reported to cause respiratory depres- 
sion. It should be used with caution in patients with respiratory 
depression, severely limited respiratory reserve, bronchospasm, 
cyanosis, renal or hepatic dysfunction. Caution should also be 
used with patients prone to convulsive disorders and those about 
to undergo biliary surgery. As with other strong analgesics, use 
with caution in patients with myocardial infarction who have 
nausea or vomiting. Patients previously given narcotics, includ- 
ing methadone, may experience withdrawal symptoms after 
receiving Talwin. 


Adverse Reactions 

Reactions reported after oral administration of Talwin include 
gastrointestinal: nausea, vomiting; infrequently constipation; and 
rarely abdominal distress, anorexia, diarrhea. CNS effects: dizzi- 
ness, lightheadedness, sedation, euphoria, headache; infrequent- 
ly weakness, disturbed dreams, insomnia, syncope, visual blurring 
and focusing difficulty, nallucinations; and rarely tremor, irrita- 
bility, excitement, tinnitus. Autonomic: sweating; infrequently 
flushing; and rarely chills. Allergic: infrequently rash; and rarely 
urticaria, edema of the face. Cardiovascular: infrequertly de- 
crease in blood pressure, tachycardia. Hematologic: rarely de- 
pression of white blood cells (especially granulocytes), which is 
usually reversible, moderate transient eosinophilia. Other: rarely 
respiratory depression, urinary retention, paresthesia, toxic 
epidermal necrolysis. 


Dosage and Administration 

Adults: The usual initial adult dose is 1 tablet (50 mg.) every three 
or four hours. This may be increased to 2 tablets (100 mg.) when 
needed. Total daily dosage should not exceed 600 mg. Tolerance 
is rare. Abrupt discontinuance following chronic use has rarely 
caused withdrawal symptoms. 


Overdosage 

Oxygen, parenteral naloxone, intravenous fluids, vasopressors, assisted 
or controlled ventilation, and other supportive measures should 
be employedas indicated. Talwinis not subject to narcotic controls. 
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The Portoenterostomy Procedure for Biliary Atresia: 


The portoenterostomy (Kasai) procedure in infants with biliary 
atresia has dramatically altered the outlook for this heretofore 
fatal disease. When performed on infants under three months 
of age, bile drainage can be achieved in a majority of the 


.. patients. Since 1972, 37 infants have been treated with this 
- operation at our institution. Diagnostic operative cholangiog- 


raphy and liver biopsy are recommended if the cause of con- 
jugated hyperbilirubinemia is presumed to be obstructive. 
When biliary atresia is encountered, identification of the atretic 
ducts with transection high in the porta hepatis is carried 
out. Thirty-two infants have had the portojejunostomy, while 
five, in whom the proximal hepatic ducts were atretic but the 
gall bladder and distal ducts were patent, underwent porto- 
cholecystostomy. Examination of the resected fibrous duct tis- 
sue revealed a statistically significant correlation between 
ductal histology and postoperative outcome. Extended bile 
drainage has been achieved in 26 of 37 patients. Seventeen 
exhibit near normal growth and development four months to 
five years postoperatively. Seven have died with progressive 
liver disease despite bile drainage. Two additional patients 
died, jaundice free, from unrelated causes. Despite bile drain- 
age, progressive hepatic fibrosis has been confirmed by serial 
biopsies in 14 patients. This finding indicates that biliary ob- 
struction is not the sole component in the development of biliary 


" cirrhosis. These data suggest that extrahepatic biliary atresia 


is a dynamic obliterative process, which can be favorably 
modified in approximately 50% of the infants by early 
surgical treatment. 


HE APPLICATION OF THE PORTOENTEROSTOMY 
(Kasai procedure) for patients with extrahepatic 
biliary atresia has altered the outlook for infants with 
this condition which was previously considered to be 
hopeless. Since 1972, 43 patients have had this opera- 
tion at Children's Hospital National Medical Center. 
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Follow-up has been from four months to six years. This 
report summarizes our experience. 


Patient Material 


All infants were hospitalized on the Clinical Re- 
search Center or neonatal nursery where a standardized 
diagnostic protocol was followed. In addition to routine 
laboratory studies of liver function and Rose Bengal 
scan, all had serologic Torch titers to rule out intra- 
uterine viral or protozoan infection. The Rose Bengal 
scan usually excluded a diagnosis of biliary atresia if 
isotope was excreted into the gastrointestinal tract.‘ 
When the Rose Bengal scan showed complete retention 
of isotope at 48 hours and infants had direct hyper- 
bilirubinemia with normal or only moderate elevation 
of transaminases, the diagnosis of biliary atresia was 
reasonably assured. However, early in our experience 
three such patients had surgical exploration and were 
found to have “biliary hypoplasia.” Each of these 
was subsequently determined to have alpha-l-anti- 
trypsin deficiency.??* Therefore for the past two years 
we have routinely screened all patients for this met- 
abolic disorder so as to avoid surgical exploration in 
this group of infants. 

The sex, ages at operation, co-existing anomalies, 
and current age or age at death is shown in Table 1.* 
There were 25 females and 18 males. Thirty-one patients 
were younger than 12 weeks while 12 were older at 
the time of the definitive portoenterostomy procedure. 
This latter group includes some of the 18 patients 


*In this and subsequent publications, patients are identified 
by BA #. This will facilitate identification for cross-reference 
purposes. 
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TABLE L 


Age at Surgery 


Patient ID # Sex (weeks) 
BA i F 1} 
BA 2 M 10 
BA 3 F 10 
BA 4 F 10 
BA 5 F 14 
BA 6 F 16 
BA 7 M 16 
BAS M 8 
BA 9 F 9 
BA 10 F 1} 
BA H M 6,8 
BA 12 M 11, 15 
BA 13 M 4 
BA 14 M 8, 12 
BA 15 F 8 
BA 16 F 8, 10 
BA 17 F 15 
BA 18 M 10 
BA 19 F 6 
BA 20 F 9 
BA 21 F 8. 16 
BA 22 F 6.8 
BA 23 M 9 
BA 24 F 12, 20 
BA 25 M g 
BA 26 F 6, 10 
BA 27 F 8. 10 
BA 28 F 5 
BA 29 M 10, 11 
BA 30 M 11, 14 
BA 31 F 8 
BA 32 M 8. 16 
BA 33 M 10 
BA 34 F 9 
BA 35 M 5 
BA 36 F 7.9 
BA 37 F 5 
BA 38 M 8,9 
BA 39 F 10, 12 
BA 40 F 12, 13 
BA 4l F il 15 
BA 42 M 7.8 
BA 43 M 15 


Current Age Associated Anomalies 


Expired 6 mo Malrotation, congenital 
heart disease 

5 3/12 years 

Expired 17 mo 

Expired 25 mo 


Expired 9 mo Malrotation, duodenal 


atresia 
Expired 5 mo 
Expired 30 mo 
4 5/12 years 
Expired 28 mo Polysplenia, malrotation, 


congenital heart disease 
Expired 13 mo 
4 1/12 years 
4 1/12 years 
Expired 19 mo 
4 years 
3 9/12 years 
3 10/12 years 
Expired 9 mo 
3 5/12 years 
3 2/12 years 
Expired 9 mo 
Expired 6 mo 
Expired 5 mo 
Expired 11 mo 
2 years 
Expired 9 mo 
1 7/12 years 
] 8/12 years 
| 4/12 years 
l 4/12 years 
Expired 12 mo 
| 2/12 years 
| 1/12 years 
| year 
11/12 years 
10/12 years 
7/12 years 
7/12 years 
6/12 years 
6/12 years 
Expired 6 mo 
Expired-operative 
4/12 years 
5/12 years 


Meckel's diverticulum 


Polysplenia 


Malrotation 





having two operations. Associated anomalies were 
seen in six infants and included polysplenia, malrota- 
tion and congenital heart disease. No patient had a 
preduodenal portal vein. The incidence of anomalies 
in this series is slightly less than previously reported 
from our institution. !? 


Surgical Technique 


The technical surgical details have been described 
elsewhere?*?5 and only the broad operative approach 
will be considered here. Surgical exploration and 
operative cholangiogram is begun through a transverse 
right upper quadrant incision. Unless a gallbladder is 


readily apparent, the incision is extended across the 
midline to facilitate portal exploration. When present, 
the gallbladder is canulated at its dome for performance 
of an operative cholangiogram. When the gallbladder 
exists only as a fibrous remnant, no attempt is made 
to perform any intraoperative x-ray studies. 

In those instances in which the dye passes from the 
gallbladder distally to the duodenum, but not proxi- 
mally up the common hepatic duct to the liver, reinjec- 
tion is attempted with compression of the common bile 
duct. Theoretically, this maneuver forcibly directs con- 
trast material into the hepatic radicals, but proximal 
ductal patency was not identified in any case. If 
atresia of the extrahepatic duct system is demon- 
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strated, a thorough portal exploration is undertaken, 
while a liver biopsy is examined by frozen section to 
confirm the presence of an obstructive histologic 
pattern (Fig. 1). 


Portal Exploration-anatomic Findings 


The distribution of atretic extrahepatic ductal tissue 
. in these 43 cases was variable (Fig. 2). Twenty-six pa- 
tients had total involvement of the entire extrahepatic 
ductal system (Figure 2a). In 12 patients, the gall- 
bladder, cystic duct and common bile duct were patent 
to the duodenum but the hepatic ducts were fibrous 
(Fig. 2b). Three patients had isolated cystic structures 
in the porta hepatis which did not communicate with the 
duodenum or with the liver (Fig. 2c—e). In two ad- 
ditional patients, a patent gallbladder, cystic duct, and 
common duct were demonstrated but there were only 
fibrous remnants of the right and left hepatic ducts 
at the liver hilus (Fig. 2f). 

Identification of the fibrous ducts is facilitated by 
mobilization and caudad retraction of the gallbladder. 
If patency of the gallbladder, cystic and common 
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bile ducts to the duodenum is demonstrated and these 
structures are to be used for creation of a proximal 
biliary conduit, it is essential that the cystic artery be 
preserved. 

The most reliable anatomic landmark for identifica- 
tion of the fibrous ductal remnants has proven to be the 
superior aspect of the left portal vein as it courses 
toward the left lobe of the liver. The hepatic artery is 
extremely variable in its relationship to these ducts 
and is therefore less reliable as a landmark. After 
placement of the 6-0 stay sutures at the lateral margins 
of the fibrous ductal tissue investing the hepatic 
ducts, this tissue and ducts are transected and sub- 
mitted for immediate frozen section examination. It has 
become our practice to have the pathologist in the 
operating room at this juncture so that any questions 
regarding orientation of the resected tissue for frozen 
section examination can be resolved. While the ductal 
tissue is examined by frozen section, the intestinal 
phase of the operation is begun. 

A wide variety of surgical alternatives for construc- 
tion of the biliary conduit are available!??5?5 (Fig. 3). 
We currently favor the Roux-en-Y portojejunostomy 
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Fic. 1. Photomicrograph of liver biopsy showing portal fibrosis, bile duct proliferation and cholestasis. Note bile plug in left upper aspect 


of photograph. 
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Fic. 2. Anatomic findings, 
43 patients with extrahe- 
patic biliary atresia. (A) In- 
volvement of entire extra- 
hepatic duct system (26 
patients). (B) Patent gall- 
bladder, cystic duct, and 
common bile duct (12 pa- 
tients). (C) Cystic dilatation ' 
of gallbladder, with atresia 
of the remainder of the 
ductal system. (D) Non- 
communicating cystic dila- 
tation of common bile duct. 
(E) Contiguous cyst of gall- 
bladder, cystic duct and 
common bile duct not com- 
municating with liver or 
duodenum. (F) Patent gall- 
bladder, cystic and com- 
mon bile ducts, without 
continuity to fibrotic right 
and left hepatic ducts (2 
patients). 


with double barrel Mikulicz enterostomy diversion and bladder, cystic duct and common ducts were patent to 
have used it for 18 patients (Fig. 3A). An unmodified the duodenum. This technique, while theoretically at- 
Roux-en-Y portojejunostomy (Fig. 3B) has been per- tractive, has been associated with a disappointingly 
formed in 11 patients. Portocholecystostomy (Fig. 3C) high rate of complications. For the remaining patients, 
has been done in seven patients in whom the gall- — the portojejunostomy was either vented as a straight 


A Roux y Portojejunostomy with Mickulicz (18) B Roux y Portojejunostomy (11) C Gall Bladder Portocholecystostomy |7) 


D Biliary Cutaneous Fistula (4) E Double Roux-y (2) F Jejunal Interposition Portoduodenostomy (1) 





Fic. 3. Surgical procedures 
for correction of biliary atre- 
sia. (A) Roux-en-Y porto- 
jejunostomy with Mikulicz 
diversion (18 patients). (B) 
Roux-en-Y  portojejunos- 
tomy without external vent 
(11 patients). (C) Portochole- 
cystostomy (7 patients). (D) 
Biliary cutaneous conduit 
with jejunojejunostomy end- 
to-end (4 patients). (E) 
Double Roux-en-Y con- 
struction (2 patients). (F) 
Jejunal interposition with 
end-to-end  jejunojejunos- 
tomy (1 patient). 
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conduit to the abdominal wall, two patients (Fig. 3d), or 
constructed as a double Roux-en-Y, two patients (Fig. 
3E). In one infant (BA #27) a short segment jejunal 
interposition was constructed between the transected 
ducts at the porta hepatis and the duodenum (Fig. 3F). 

Initial postoperative care is given in the Intensive 
Care Unit. Parenteral antibiotics (Ampicillin, Genta- 
mycin) are used routinely. When feeding is resumed, 
. oral antibiotics are continued for at least six months. 

Postoperatively, in those patients with exteriorized 
conduits, the drainage of bile is first seen as small 
plugs of green mucus. Insertion of a catheter into the 
hepatic limb is generally productive of a few ml of bile 
as early as the second or third postoperative day. In 
those infants who eventually show sustained bile 
drainage, a good flow— greater than 30 ml a day, is 
usually apparent by the tenth postoperative day. Bile 
output ranges between 120 ml and 400 ml per day in 
_ infants who are relieved completely of jaundice. Such 
volumes are attained by the end of the first month. 
For those infants in whom an internal biliary drainage 
is fashioned, bile drainage is assessed by stool examina- 
tion and Rose Bengal scan (Fig. 4). 

The serum bilirubin remains elevated for the initial 
four to six weeks after surgery, although the trend 
towards normal is apparent by the third week in those 
who subsequently did well. As reported by Lilly and 
Javitt, the content of bilirubin, cholesterol, phospho- 
lipids and bile salts in the bile gradually increases as 
the serum levels of these substances return toward 
normal.?' Reassessment at six months, and then at one 
year intervals by: a) repeat liver function studies; b) 
Rose Bengal scan; c) barium swallow; and d) per- 
cutaneous needle biopsy, was carried out. 


Experience with Reoperations 


Reoperations were carried out in 18 patients. Eight 
infants had previous surgical exploration and liver 


Fic. 4. Preoperative scan 
shows complete hepatic 
retention of isotope at 

24 hours (left). After © 
Roux-en-Y  portojejunos- 
tomy study at 24 hours 
shows excreted isotope out- 

lining transverse colon 
(right). Patient is jaundice 

free. 
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biopsy performed elsewhere and were referred specifi- 
cally for the portoenterostomy procedure. In five addi- 
tional infants operated upon at this institution, patency 
of the gallbladder, cystic duct and common bile duct 
was demonstrated at the initial operation and the gall- 
bladder was used for construction of the biliary con- 
duit. After initial bile drainage, the stools again 
became acholic. In two of these infants, a postopera- 
tive Rose Bengal scan showed isotope free in the 
peritoneal cavity. This was correctly interpreted as 
meaning that bile drainage had been achieved but there 
was an anastomotic disruption. A third group of five 
patients had the portoenterostomy procedure but 
drainage was not accomplished and reoperation, with 
retransection of any remaining ductal remnants and 
reanastomosis was done. Extended bile drainage with 
return of the serum bilirubin to normal was ac- 
complished in three patients from the first group, four 
from the second, and two from the third category. 


Histologic Correlation 


The resected extrahepatic biliary tree was examined 
histologically at representative levels (Fig. 5). The 
lumen of the common hepatic duct showed complete 
fibrous obliteration in every case studied, (Fig. 5c) 
even when there was patency of the gallbladder, 
cystic duct and common bile duct (Figs. 5a and 5d). 
The histology of the ductal remnants at the porta 
hepatis was variable, but microscopic ductal patency 
was verified in 33 of the 42 infants studied (Fig. 5b). 

The histologic characteristics of the ductal remnants 
at the site of transection in the porta hepatis has 
prognostic significance and correlates with the clinical 
outcome.'' Three distinct types of ducts have been 
identified and classified histologically on the basis of the 
size of their lumen. The internal diameter of the lumen 
was measured by an ocular micrometer in several axes 
and these measurements averaged to arrive at the lumi- 








Fic. 5. Resected extrahepatic biliary tree. (A) Cross section through 
patent cystic duct. (B) Microscopic patency of the bile ducts at porta 
hepatis (Type I) invested in fibrous tissue. (C) Complete fibrous 
obliteration of the lumen of the common hepatic duct. (D) Cross 
section through common bile duct demonstrating patency of this 
structure. 
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nal diameter. Type I (eight patients): ductular lumen 
150 u or greater (Figure 6a). Type II (25 patients): 
ductular structures measuring 30—100 u, invested by 
abundant connective tissue (Fig. 6b). Type III (nine 
patients): concentrically arranged fibrous tissue with- 
out identifiable biliary epithelium (Fig. 6c). 

The relationship between the histologic duct type 
and clinical outcome is summarized in Figure 7. 
Sustained bile drainage was seen in seven of the 
eight patients classified as having Type I ducts. Bile 
drainage was seen in 22 of the 25 patients with 
Type II ducts. Only one of nine patients with Type 
III ducts had postoperative bile drainage. 

Ductal remnants from 12 patients were stained with 
fluorescein tagged anti-immunoglobulin G and C; (Hy- 
land Laboratories). Immunofluorescent staining for 
IgG and C, was negative in the specimens examined. 

The liver biopsies were graded accordingly to the se- 
verity of fibrosis,” as well as for the presence or absence 
of inflammation and giant cell transformation. Evidence 
of inflammation was present in the liver biopsies of 28 
patients, 19 of whom subsequently had bile drainage 
and nine who did not. There was no inflammatory 
reaction in the biopsies from 15 patients. Nine from 
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Fic. 6a. Ducts at porta hepatis: Type I — diameter greater than 150 u. Abundant fibrous reaction is seen. 





FiG. 6c. Type III ducts: concentric fibrosis without evidence of biliary epithelium. 
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No. of 20 
Patients 






Bile Drainage 


[ ] No Drainage 


15 


10 


I I I 
Duct Type 


CHNMC 


Fic. 7. Biliary atresia: duct histology and postoperative bile 
drainage. 


this group had postoperative drainage and six did not 
(Table 2). 

Giant cell transformation of hepatocytes was ob- 
served in the biopsies from 24 patients. Seventeen of 
these drained bile postoperatively. Among the 19 pa- 
tients whose liver biopsies did not show this re- 
sponse, drainage was achieved in 11 (Table 3). From 
these data it is concluded that the occurrence of 
hepatic inflammation and/or giant cell transformation 
did not bear upon the clinical outcome. 

The extent of hepatic fibrosis was not directly related 
to the age of the patient at the time of exploration, 
nor did it correlate with the clinical outcome (Fig. 8). 
Thus of the 12 patients graded as having mild fibrosis, 
six drained bile and six did not. Fifteen of the 18 pa- 
tients whose biopsies were classified as showing 
moderate fibrosis had drainage, while seven of the 13 
patients whose liver showed severe hepatic fibrosis at 
the time of portoenterostomy had postoperative bile 
drainage. 

The degree of hepatic fibrosis was not related to 
ductal histology (Fig. 9). Among eight patients with 
Type I ducts, mild fibrosis was seen in one, moderate 
in five and severe in two. In the group of 25 patients 
with Type II ducts, the distribution was mild in eight, 
moderate in 11, and severe in six. Those patients with 
Type III ducts seemed to show more severe hepatic 
fibrosis with a distribution of two mild, two moderate, 
and five severe. 

The results of follow-up liver biopsies obtained from 
14 patients have been reported.* A progression of he- 


TABLE 2. Hepatic Inflammation 








Bile No Bile 

Drainage Drainage 
Present 19 9 
Absent 9 6 


———M————————————O 


ALTMAN 


Ann. Surg. e September 1978 


TABLE 3. Giant Cell Transformation 





Bile No Bile 

Drainage Drainage 
Present 17 7 
Absent 11 8 





patic fibrosis was observed even in patients who were 
clinically well and jaundice free. In some patients, _ 
histologic stabilization was demonstrated after an - 
initial progression of fibrosis. 


Results 


The surgical results in these 43 patients are sum- 
marized in Figure 10. Extended bile drainage has been 
achieved in 29 infants (67%). Of these 16 are currently 
surviving jaundice free. Two additional patients died 
jaundice free from unrelated causes. Five other patients 
are alive with jaundice; six have died of ongoing 
liver failure despite good bile drainage. Within the 
group in whom the operation failed to provide drainage, 
ten patients are dead and four are alive with various 
stages of hepatic decompensation. 


Discussion 


Identification of patients with extrahepatic biliary 
atresia has not been significantly aided by the prolifera- 
tion of diagnostic laboratory procedures now avail- 
able.*?* For infants with direct hyperbilirubinemia, 
most infectious and metabolic causes can now be 
promptly diagnosed or excluded. The diagnostic 
work-up for an infant with persistent jaundice can be 
completed within three or four days. Although new 
isotope techniques may refine the preoperative evalua- 
tion, early surgical exploration is to be recommended 


BILIARY ATRESIA: HEPATIC FIBROSIS & POST-OP. BILE DRAINAGE 





No. of SS Bile Drainage 
Patients . 
[.] No Drainage 
15 
10 
5 
0 
Mild Moderate Severe 
Hepatic Fibrosis 
CHNMC 


Fic. 8. Biliary atresia: hepatic fibrosis and postoperative bile 
drainage. 
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DUCT TYPE / HEPATIC HISTOLOGY 







[| mila 
No.of 10 Moderate 
Patients 


A Severe 


Duct Type 


Fic. 9. Duct type/hepatic histology. 


for any infant in whom biliary obstruction is suspected 
or in whom the cause of intrahepatic cholestasis has 
not been clearly delineated. Kasai has shown con- 
clusively that the portoenterostomy procedure when 
performed on infants less than three months of age 
will favorably alter their clinical course.!*!86 This work 
has been confirmed by various workers throughout the 
world.9?9?23 Nonetheless, the role of the porto- 
enterostomy for infants with biliary atresia has re- 
mained clouded, in part because of varying results.*:!7:1? 
In fact, a conclusion reached as a result of this study is 
that provision of bile drainage does not necessarily 
mean ‘‘cure.’’ Despite bile drainage, progressive 
cirrhosis has plagued many of these infants.*? In 
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others, potentially successful outcomes have been 
prevented by postoperative infection.’ 

Landing has postulated that -biliary atresia is a 
dynamic postnatal obliterative process which he terms 
"neonatal obstructive cholangiopathy.''!5 This concept 
may be supported by the observation that the extra- 
hepatic bile ducts are affected by the obliterative proc- 
ess to varying degrees. Some patients exhibit partial 
patency while others have panductal atresia. The 
microscopic ductular patency at the liver hilus regularly 
seen in the very young infants 1s probably lost at about 
three months. This dynamic phenomenon may account 
for the discrepancy in operative results between pa- 
tients operated upon before and after three months 
of age. 

Hepatic ducts which appear at the operating table to 
be fibrous cords, but contain microscopic lumina ap- 
parently account for the success of Kasai’s procedure. 
In spite of the diminutive ductal size (30—200 micra) 
adequate bile egress occurs to allow hepatic decom- 
pression. In some, but not all of the patients, the 
accompanying biliary cirrhosis moderates and im- 
proves. Clinical appraisal of patients followed for six 
years suggest that some patients retain adequate he- 
patic parenchymal reserve to remain jaundice free and 
grow and develop normally. However, other infants 
have followed a modified, but unremitting downhill 
course leading to liver failure and death despite bile 
drainage. It is tempting to speculate that in this 
group the disease is progressive, perhaps of infectious 
etiology. Alternatively, the initial hepatic insult may 
have been so overwhelming as to preclude any chance 
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for recovery despite the achievement of normal 
amounts of bile drainage. 

The progression of cirrhosis after successful porto- 
enterostomy has potentially significant implications. 
This study suggests that some patients who survive 
the initial years, relieved of jaundice, are at risk from 
complications of portal hypertension in subsequent 
years, One of our patients (BA #11) has undergone 
successful mesocaval shunt for portal decompression 
after several episodes of life-threatening gastroin- 
testinal hemorrhage. He continues to do well four 
years postoperatively.” It has been observed that not 
ali patients who bleed from esophageal varices will 
require surgical decompression.! 

The role for reoperations when a portoenterostomy 
fails to provide bile drainage is supported by these 
data. Although these infants were generally older and 
.presented' greater surgical risks, especially from 
bleeding, a significant early salvage has been ac- 
complished by this additional operative effort. Nine of 
the 18 patients having reoperations are currently 
jaundice free. Three are from the group who had 
, exploration only, four had conversion of porto- 
cholecystostomy to portojejunostomy, and two under- 
went reconstruction of a portojejunostomy. The two 
operative deaths (BA #40, BA #41), however, oc- 
curred in this group of patients. The first infant had 
extensive hepatic fibrosis and had already developed 


portal hypertension at three months of age. Reopera- 


.tion was carried out three weeks after the initial 


- surgery failed. The patient died with uncontrollable. 


, hemorrhage and disseminated intravascular coagula- 
.ition on the first postoperative day. The second pa- 
. tient died of liver failure three weeks after reoperation. 
It is worthy of emphasis that fibrous biliary rem- 
. nants were found in every patient, although. in two 
(BA #36, BA #40) there was discontinuity between 
the common bile duct and the fibrous hepatic ducts 
emerging from the liver. The most reliable landmark 
for identifying this potentially usable fibrous tissue is 
the superior surface of the left portal vein. The pos- 
terior row of sutures for the. portoenterostomy anasto- 
‘mosis is placed above and parallel to the course of 
this vein thereby insuring incorporation of the 

transected ducts. 

Factors which directly affect the outcome in- 
clude: a) the age of the patient at the time of surgery; 
b) the size.of the biliary radicals at the site of transec- 
tion in the porta hepatis; c) the incidence and severity 
of postoperative infection; and d) the rate of progres- 
sion of fibrosis after biliary drainage is established. 
Experience with this group of patients demonstrates 
that the portoenterostomy has favorably altered the 
prognosis for 18 of 43 infants (42%) with biliary atresia. 
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DISCUSSION 


Dr. Eric W. FoNKALSRUD (Los Angeles, California): I'd like to 


‘thank Dr. Altman for sharing with us the results of his large clinical 


experience with hepatic portoenterostomy for biliary atresia. 

The term ‘‘biliary atresia’’ has been used by many authors as a 
broad diagnosis, encompassing a spectrum of conditions from nar- 
row, hypoplastic ducts to true atresia, of either the intra- or extra- 
hepatic ducts, or both. Dr. Altman has nicely sorted out several types 
of the atresia syndrome and indicated the prognosis for each. 

Hypoplasia appears to stem from a progressive inflammatory proc- 
ess, or perinatal sclerosing cholangitis, and the liver biopsy will 
usually show some small ducts, although the rose bengal scan may 
disclose almost no excretion in many of taese patients. The com- 


plexity of the condition is emphasized by the fact that patients with — 


biliary atresia or hypoplasia rarely develop dilated ducts in the liver, 
despite the presence of ductal obstruction. 

Dr. Altman’s study confirms the view that infants with hypoplastic 
ducts have a better prognosis than those in whom the liver biopsy 
shows few if any ducts. Since all patients with biliary atresia or 
severe hvpoplasia are treated by portoenterostomy, I wonder if Dr. 


. Altman finds that the frozen section evaluation of the tissue in the 


porta hepatis or liver really provides assistance in his operation. 


We concur with Dr. Altman that biliary drainage by means of an : 
anastomosis to the gallbladder is unlikely to provide long-term satis- : 


factory drainage and that primary anastomosis to the intestine is 
probably the procedure of choice at the initial operation. 
Dr. Altman any many other surgeons have treated infants sili 


have developed progressive hepatic fibrosis during the ensuing years : 


after portoenterostomy. I wonder if he has had experience with any 
patients with biliary atresia who have shown histologic improvement 
in the liver after portoenterostomy, excluding those patients with 
so-called correctable forms of atresia. 

Also, Dr. Altman, I wonder if you would discuss your experience 


y vith portal hypertension in some of your patients following porto- 


* 


enterostomy. Have you treated many of them with portocaval shunts 
or interposition shunts? 

Lastly, what are your recommendations with regard to preventing 
cholangitis subsequent to portoenterostomy. or is this part of the 
basic biliary atresia syndrome? Drainage of the jejunal limb to the 
abdominal wall may be helpful in evaluating the volume of biliary 
drainage and culturing fluid. However, because of recurrent bleeding, 
these stomas are particularly difficult to manzge in infants with pro- 
gressive portal hypertension, and recent studies by Dr. Lilly and 
others suggest that they may not alter the course ofthe inflammatory 
process at all. 


DR. MARSHALL J. ORLOFF (San Diego, California): This is a superb 
piece of work that represents certainly one of the largest experiences 
reported with such thoroughness in the world. The nicest thing about 
the study is how well the patients have been followed with long- 
term, serial liver biopsies and very careful studies to document what 
happens to infants who, potentially, have 70 years of life ahead of 
.them. 

Ás Dr. Altman appropriately pointed out, portoenterostomy repre- 
sents a major contribution from Japan. In recent years, I have learned 
to follow the Japanese surgical literature carefully, because so many 
important contributions are coming from that country, and this is but 
one of them. Unlike a number of the operations that have been 


_...reported in earlier discussions today, such as the distal selective 


splenorenal shunt and total pancreatectomy for pancreatitis, which 
are of uncertain or controversial value, this is a landmark opera- 
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tion that has revolutionized the treatment of biliary atresia. Ten 
years ago, biliary atresia was an almost hopeless disease, and now 
there is absolutely no question that something worthwhile can be 
done for these infants. 

There are two objectives of the operation. One is to restore biliary 
drainage, and the operation accomplishes that objective, as dem- 
onstrated by Dr. Altman's report ànd the reports of other pediatric 
surgical colleagues. The second objective is to restore normal hepatic 
function and normal longevity to these infants; whether or not that 
objective will be accomplished is still quite uncertain, isn't it? An 
important question concerns whether the liver damage that was in- 
curred as a result of a part of the fundamental disease will con- 
tinue, so that all of the children ultimately will develop cirrhosis 
and go on to die. There is not sufficient experience to answer that 
question, but I am sure that Dr. Altman and his colleagues will 
be able to provide the answer soon. A fundamental corollary to 
that question, the answer to which is also unknown, is: Is biliary 
atresia an inflammatory disease which, like chronic active hepatitis, 
has a potential for continuing, or are any long-term fibrotic effects 
the result of the initial damage? It has been hypothesized that the 
disease is, indeed, a dynamic inflammatory process which can con- 
tinue. l l 

I would like to raise a possibility, and at the same time ask Dr. 
Altman a question. Is it possible, by operating on these patients 
at three or four weeks of age, to limit the amount of damage that . 
the disease process produces and, therefore, improve the prognosis, 
or would earlier operation not have any- effect on the outcome? 
As you know, the cutoff point for operation now is about three 
months ot age. Would it be best to urge that biliary atresia be con- 
sidered an emergency, and that the patients be operated on as early 
as possible in life, because that might limit the amount of liver damage 
and improve the prognosis?. 


DR. ALEXANDER H. Bixt (Seattle, Washington): I'd like Dr. Alt- 
man to extend his discussion a little bit on what goes on inside 
the liver. Half of these children are not jaundiced at birth. The 
experience with this.disease in this country is only five years maxi- 
mal, and a lot remains to be known. 

(Slide) This shows a duct showing the effects of the inflammation 
in the duct. This duct contains granulation tissue. The lining epi- 
thelium is fragmented, and there is inflammation outside of it, which 
then causes closure and fibrosis. This evidently causes the atresia of 
the extrahepatic ducts. 

(Slide) The next slide shows the rather massive hepatitis, in which : 
one sees the enlarged balloon hepatocytes. One can also see the 
inflammation in the lining of this small duct, and also the well-devel- 
oped cirrhosis. 

We do see damage early in the liver, and in the intrahepatic ducts 
as well as the extrahepatic ducts. Therefore, there is an early in- 
flammation throughout. 

(Slide) The final slide shows diagrammatically the liver after a 
Kasai procedure. There is a hepatitis with cirrhosis and with inflam- 
mation of the intra-hepatic ducts. The drainage must be through 
small openings into the bowel. These may fibrose and stricture, 
so that we may have ascending cholangitis on top of the inflammation 
inside. 

What happens to the original process varies. Sometimes there is 
satisfactory improvement, and sometimes not. We really do not know 
the etiology of this disease. This deserves and requires further study, 
to learn how to do the drainage procedure early and then follow 
this up with further treatment of the disordered liver. The ultimate 
aim is to learn enough to prevent this disease altogether. 
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Dr. R. PETER ALTMAN (Closing discussion): I'd like to respond 
to Dr. Bill first, and thank him for the perspective on the histology. 

It's interesting that we looked carefully at the inflammatory proc- 
ess, both in the Ever biopsies and in the transected specimens 
of the bile ducts, and inflammation was not a common finding. Of 
the 43 patients, inffammatory reaction was seen in only about half. 
Furthermore, the extent of the inflammatory reaction did not seem 
to correlate with the outcome. Some patients that had inflammation 
had bile drainage; some patients that did not have inflammation 
in their liver biopsies had bile drainage, and some did not. So it 
really has not been a reliable histologic variable from a predictive 
standpoint. 

Dr. Bill also put his finger on a point that will help me respond 
to a question that Dr. Orloff raised, and that is the fact that half 
of the infants are not jaundiced at birth; and furthermore, jaundice 
in infancy is not regarded as an emergency, and jaundice of a surgical 
nature is relatively uncommon, although direct hyperbilirubinemia 
is likely to have surgical significance. These infants often are un- 
recognized until they are a month old, and sometimes older than 
that. 

Dr. Orloff makes an excellent point, one that I wish we as surgeons 
could make to our pediatric colleagues, and that is that jaundice 
at one month of age really should not go without diagnostic effort, 
because you are correct in your surmise that patients who are op- 
erated upon early do better. This has been shown in Kasai's work 
and appears to be true in our own experience. 

It has now been shown that there is a statistically significant dif- 
ference between those operated on before ten weeks of age and 
those operated on after ten weeks according to Kasai, and in our 
own experience, those that we get early have less hepatic fibrosis 
and do better, there's no question about that. 

So it is a principle that we have to get across to our pediatric 
and neonatology colleagues, and I thank you for raising it here. 

Now, to respond to a few of Dr. Fonkalsrud's questions. We 
have had an opportunity to rebiopsy 14 of our patients at six months, 
and one year. In the majority of patients there has been evidence 
of histologic progression of fibrosis, but it is also true that in about six 
patients we have demonstrated, if not improvement, at least histo- 
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logic stabilization. The important thing, I think, is that, despite the 
fact that there is histologic progression, the growth and development 
ofthe baby are normal, so whatever is left in the way of liver function 
is adequate to support growth and development, and all the synthetic 
functions of the liver are retained. The albumin is normal; the pro- 
thrombin time and so forth are all normal as well. 

Now, we have had experience with portal hypertension, but after 
the discussion between Dr. Webb and Dr. Warren this morning, I'm 
afraid to tell you what we do. 

We have done the interposition mesocaval shunt for portal de- 
compression, but it's been required in only one of our patients. Cir- 
rhosis and portal hypertension are clinically apparent in many pa- 
tients, but shunt procedures, fortunately, are not going to be neces- 
sary for most. 

Prevention of cholangitis is really the critical postoperative prob- 
lem. These operative modifications that I showed you today, and 
others which I did not include, do seem to minimize the severity 
of the postoperative infection, but it is true that they have not com- 
pletely eliminated this problem. 

We're waiting longer and longer to close these ostomies because 
after the first year or year and a half the severity and the incidence 
of infection are decreased, and that's because there are greater bile 
flow and less bile stasis, and it's undoubtedly true that stasis in the 
biliary tract, like stasis anywhere, contributes markedly to infection. 

So that I think that these venting procedures, while not the whole 
answer, are useful. Unfortunately. I can't tell you how to prevent 
it completely. 

Finally, one remark about biliary hypoplasia. I regard biliary hypo- 
plasia, as a condition in which the extrahepatic biliary system 1s open 
in its entirety; and if you recall one slide I showed, these ducts—at 
least, the common hepatic duct — were completely fibrotic. So that. 
by definition, for this series at least, is biliary atresia: not that the 
ducts are absent, but they are completely occluded. 

It is true that there is microscopic patency at the porta hepatis, and 
that, of course, is what is responsible for the bile drainage. I regard 
biliary hypoplasia as an anatomical or radiologic finding and not as a 
disease. i 
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Major Hepatic Resection for Neoplasia: 


JOSEPH G. FORTNER, M.D., DONG K. KIM, M.D., BARBARA J. MACLEAN, B.A., MARY K. BARRETT, 
SHUNZABORO IWATSUKI, M.D., ALAN D. TURNBULL, M.D., WILLIAM S. HOWLAND, 


One hundred eight patients have undergone major hepatic 
resection by the senior author during the eight year period 
April 1970 to April 1978. Primary liver cancer was present 
in 36; metastatic colorectal cancer in 25, miscellaneous 
metastatic cancers in 15, hepatoblasioma in 5, gallbladder 
cancer in 4, and bile duct cancer in 3. Benign tumors, 


— principally giant hemangioma, were resected in 20 additional 


A. 


«patients. The 30 day operative mortal:ty rate was 9% overall. 
Prior to 1975, 41 of the resections were done using the 
vascular isolation perfusion technique. The operative mortality 
rate of 17% for this technique is a reflection of early experi- 
ence and the advanced stage of disease of many patients. 
The operative mortality for the standard resection has been 
only 4%. Subphrenic abscess has developed in only 13% of 
patients during the past three years. Pestoperative hospitaliza- 
tion has been shortened, being a median of 13 days. The 
resectability rate for malignant disezse was 33%. Forty-six 
per cent of the resections were perforrred with curative intent. 
Fifty-four per cent were palliative, performed in individuals 
with regional spread or distant metastasis. After curative 
surgery, three year survival was 88% for individuals with pri- 
mary liver cancer and 72% with metastatic colorectal cancer. 
After palliative resection, the rates were 31 and 0%, re- 
spectively. The three year survival rate is 46% overall, being 
81% for the curative resection group and 18% for the palliative 


^group. Tumor markers proved useful in monitoring patients 


after hepatic resection. 


URING THE PAST EIGHT YEARS, the authors have 

examined the thesis that most patients with pri- 
mary or unclassified liver tumors, as well as those with 
selected types of metastatic canzer, should be sub- 
jected to exploratory laparotomy. Exceptions were 
patients with obvious advanced disease or who were 
poor operative risks. Resection of the liver tumor for 
cure or palliation was done when its location per- 
mitted. In highly selected cases, tctal hepatectomy and 
orthotopic liver transplantation was indicated.** 6 
Nonresectability and/or multiple foci of extrahepatic 
metastasis were usually treated bv hepatic artery liga- 
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tion with cannulation of the artery and/or portal vein 
for infusional chemotherapy.? In unique situations, 
hepatic isolation-chemotherapy infusion was used.*!° 
Relatively rarely was a biopsy alone performed. 

This approach was based on the unacceptably large 
error, 20-30%, experienced in estimating resectability 
by the most modern non-operative techniques.'? 
Opportunity for cure or worthwhile palliation would 
otherwise have been denied to large numbers of 
individuals. Attendant goals of low operative mortality 
and improved curability, or realistic palliation were 
necessary for rational application of this concept. 
This report presents a portion of the surgical experi- 
ence with 325 patients who were operated upon by the 
senior author during the eight year period, April 1970 
to April 1978 at Memorial Sloan-Kettering Cancer 
Center. Table 1 indicates that 108 had a major hepatic 
resection; they are the subject of this report. 


Materials and Methods 


All patients with suspected or evident surgical liver 
disease referred to the senior author were considered 
for exploratory laparotomy. Preoperative evaluation 
included a detailed history and physical examination; 
technetium, and frequently, a Rose Bengal liver scan; 
selective celiac and superior mesenteric arteriograms; 
blood chemistries including alpha feto protein and car- 
cinoembryonic antigen (CEA) determinations; chest 
x-ray and selective gastrointestinal radiologic examina- 
tions were carried out. In recent years, computerized 
transaxial tomography (CTT) was often done. Per- 
cutaneous liver biopsy or peritoneoscopy was per- 
formed only when the patient was judged to be un- 
suitable for surgery. 
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TABLE 1. Surgical Experience 1970 —1978 (325 Patients) 


Operation Number 
Extended lobectomy 27 
Lobectomy 57 
Segmentectomy 24 
Wedge resection l 10 
Ligation/cannulation 138 
Unroofing cyst =) 
Chemoperfusion 4 
Liver transplantation 8* 
Exploratory laparotomy, 

Liver biopsy $2 
Total 325 


* Biliary atresia: 4; Bile duct cancer: 2; Post-necrotic cirrhosis: 
t; Idiopathic cholestasic syndrome: I. 


Resectability was determined only at laparotomy. 
A biopsy was not taken if liver resection was feasible 
although 5296 of patients with primary or secondary 


liver cancer had been biopsied prior to their being - 


referred. The various types of tumors for which treat- 
ment of the primary or metastatic lesion was by major 
hepatic resection are listed in Table 2. The technique 
of resection was either by the liver isolation cold 
perfusion method,^!! or by normothermic hilar 
ligation and hepatic clysis along standard lines of re- 
section. Various types of major resection performed 
are listed in Table 1. 


Operative Technique 


The abdomen is explored through a right subcostal 
incision. If the tumor 1s resectable, the incision is ex- 
tended to a bilateral subcostal incision with a paraxy- 
phoid extension. The chest is rarely opened, and then 
only where diaphragmatic involvement is present or 
massive tumor necessitates more exposure. Biopsy of 
the liver is not done if the patient is judged potentially 
curable bv hepatic lobectomy. 

Right hepatic lobectomy. The falciform ligament is 
incised to the vena cava. Triangular and coronary 
ligaments of the right lobe of the liver are severed 
and the liver is retracted upward and to the left. As the 
liver is retracted, the right kidney, right adrenal gland 
and vena cava are exposed. Dissection continues to 


TABLE 2. Major Hepatic Resection (108 Patients) 


Primary Tumor Number 
Liver 36 
Colorectal 25 
Miscellaneous 15 
Hepatoblastoma 5 
Gallbladder 4 
Extrahepatic bile duct 3 
Benign 20 
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expose the bare area of the liver to the suprahepatic 
vena cava. Laparotomy pads are then placed in the 
hepatic fossa and the liver thus brought to a more con- 
venient level for hilar dissection. Dissection of this 
area is begun by dissecting out and identifying the 
right and left hepatic arteries. Following this, the right 
hepatic artery is ligated and divided. The right hepatic 
duct and the cystic duct are then ligated and divided. 
The right branch of the portal vein is then dissected , 
free, ligated and divided. Care must be taken to avoid 
injury to posterior branches. Isolation and ligation of 
the major hepatic veins prior to incising the liver 
capsule is no longer considered necessary. It is time- 
consuming and potentially dangerous. The capsule is 
then incised with a Bovie along the line of demarca- 
tion which extends from the gallbladder fossa in- 
feriorly to the right of the suprahepatic vena cava. The 
liver parenchyma is then separated using the handle of 
the knife, for the most part, with identification of the : 
intrahepatic vessels and periportal structures which 
are hemoclipped. Larger vessels and structures are 
individually ligated with chromic catgut. Intrahepatic 
ligation of major hepatic veins is done under con- 
trolled conditions using pressure by the left hand 
which holds the specimen as it is resected. The liver 
substance is traversed in the form of a shallow con- 
cave cut. Bleeding points are identified and trans- 
fixed with catgut sutures and the anterior and posterior 
lips of the transected surface are approximated using 
interrupted #1 horizontal mattress stitches. The raw 
area of the liver is thus covered preventing oozing and 
bile leakage. A Shirley sump* is placed in the right 
upper quadrant and the abdomen closed with a Tom 
Jones closure, using #1 nylon. 

Left hepatic lobectomy. The approach is essentially 
the same as that for a right hepatic lobectomy except 
that mobilization of the liver is obtained by dividing 
the triangular ligament. The right lobe of the liver is 
not dissected; the left lobe 1s mobilized toward the 
inferior vena cava care being taken to avoid injury to 
the inferior phrenic vein and any collateral vessels. 
The lesser omentum is divided between clamps at the 
porta hepatis after identification of the major arterial 
supply. The left hepatic artery, left branch of the portal 
vein and left hepatic bile duct are individually identi- 
fied, ligated and divided. In the event that the tumor 
is confined to the lateral segment of the left lobe, a left 
lateral segmentectomy can be performed. This proce- 
dure is as described for the total left hepatic lobectomy 
except that the blood supply to the medial segment 
of the left lobe must be preserved. Transection of the 


* Anpro-Anproline Shirley sump catheter, H. W. Anderson Prod- 
ucts, New York. 
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liver must be made just to the left of the falciform 
ligament. 

Extended right hepatic lobectomy. The techniques of 
dissection of structures in the porta hepatis, mobiliza- 
tion of the right lobe and resection of liver parenchyma 
are essentially the same as for right hepatic lobectomy. 
In the extended right hepatic lobectomy, however, 
care must be taken to preserve the gastrohepatic 
ligament because it frequently contains an anomalous 
collateral artery from the celiac axis or left gastric 
artery to the lateral segment of the left lobe. The bile 
duct to the lateral segment can be very superficial and 
small. Therefore, particular attention should be given 
to identifying and preserving the biliary ducts to the 
lateral segment in the early stage of the resection. 
The resection line should be about 1 cm to the right 
of the falciform ligament because the structures in the 
portal triad branch extensively in the umbilical fissure 
with elements to the left lobe being located at the 
base of the: umbilical fissure. These are made readily 
apparent by transecting the fused lips of medial and 
lateral left lobe segments which overlie the area. 

Unless dictated by the extent of tumor, it is safer 
and easier to leave some of the posterior portion of 
the caudate lobe behind. The hepatic vein to the left 
lobe ofthe liver usually has medial and lateral branches. 
The medial branch of the left hepatic vein can be identi- 
fied, ligated and divided inside the liver parenchyma 
at the final stage of hepatic resection. The resected 
liver surface is sutured as described previously. The 
lateral segment may be anchored in position by sutur- 
ing the falciform ligament to the anterior abdominal 
wall if extensive distortion of the structures in the porta 
hepatis is anticipated after liver resection. 

A catheter was placed in the hepatic artery or portal 
vein in some patients. for postresection chemo- 
therapy.?!^ Intraoperative monitoring and support 
was as previously described.^!! Initial postoperative 
care was in the intensive care unit where colloid and 
crystalloid solutions were given as indicated. Broad 
spectrum antibiotics were given routinely for the first 
72 hours postoperatively. Chemotherapy was usually 
started six weeks after resection in uncomplicated 
cases. Actinomycin-D, methotrexate, 5-fluorouracil, 


TABLE 3. Resectability Rate —Malignant Disease 





Operation Number 
Resection 95 (33%) 
Ligation/cannulation 138 
Chemoperfusion 4 
‘Exploratory laparotomy, 
Liver biopsy 52 
Total 289 
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TABLE 4. Isolation Perfusion vs Standard Resection 
Median Values* 
Duration of | Estimated Postoperative 
Operation Blood Loss Hospital 
Resection (hrs) (cc) Days 
Isolation perfusion 814 (6—14) 4500 24 (14—28) 
(600—26,000) 
Standard 5 (24 924) 3000 15 (7-60) 


(300. 11,000) 


* Excludes 30 day operative deaths. 


cytoxan, and levamisole were used in protocol studies 
as previously described.? 

Patients were followed postoperatively by sequential 
physical examination, serum chemistries, liver scan 
and, occasionally, angiography. Results of the present 
study were compared with those from a retrospective 
analysis ofthe charts of 52 individuals undergoing major 
hepatic resection during the period 1950 through 1969 
in this institution. 


Results 


The resectability rate for malignant disease was 
3396 (Table 3). Duration of the operation, estimated 
blood loss and postoperative hospital days for the pa- 
tients treated with the isolation perfusion technique 
are more than for the standard resection (Table 4). 
For the latter technique, the median operative time 
has been 434 hours for the past 344 years, with the 
median postoperative hospital stay being 13 days. This 
contrasts significantly with the preceding five years 
when it was 18 days for the standard resection and 23 
days when both types of resection are combined. Anv 
hypoglycemia or hypoalbuminea was precluded by ad- 
ministration of 5 or 10% glucose solutions; plasma or 
albumin. 


Operative Mortality 


The 30 day operative mortality for the 108 patients 
is shown in Table 5. The overall incidence is 996, with a 
rate of only 4% for the standard type of resection. A 
1726 rate for the isolation-perfusion technique is a re- 
flection of early experience and the advanced stage of 
disease of many patients who were resected by this 
technique prior to 1975. The extended right hepatic 
lobectomy had an operative mortality rate of 14.296 
(4/22); right hepatic lobectomy 2.7% (1/36); left 
hepatic lobectomy 23.8% (5/21); segmentectomy 0/24. 
The operative mortality was similar for curative and 
palliative resections being 10% (4/40) and 12.5% 
(6/48), respectively. Causes of the ten operative deaths 
in this series are listed in Table 6. 
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TABLE 5. Thirty -Day Operative Mortality 
Isolation- 
Year Perfusion Standard Total 
1970 1/2 0/1 1/3 
1971 0/4 0/3 0/7 
1972 3/11 0/4 3/15 
1973 1/13 0/1 1/14 
1974 2/11 0/5 2/16 
1975 0/0 1/12 1/12 
1976 0/0 0/14 0/14 
1977 0/0 2/23 2/23 
1978 0/0 0/4 0/4 
Total 7/el (17%) 3/67 (490) 10/108 (992) 
Complications 


The most common was subphrenic abscess which 
developed in 22 patients (20%) (Table 7). Since 1974, 
only seven of 53 (13.2%) patients have developed this 
complication. 


Pathological Findings 


Fifty-four per cent of the liver lesions were solitary. 
The median size of primary liver cancers was 12 cm 
and that of the colorectal metastasis 6.5 cm. The 36 
primary liver cancers were predominantly hepatocellu- 
lar (26); four were mixed hepatocellular and cholangio- 
carcinoma; three were sarcomas; one a cholangio- 
carcinoma; one carcinoid and one was unclassified. 
Five children with hepatoblastoma were evaluated 
separately. Metastatic cancers were predominantly 
colorectal (25), but 15 were of other types; melanoma: 
three, sarcoma: three, breast: two, carcinoid of the 
rectum: two, embryonal carcinoma: two, adeno- 
carcinoma of the kidney: one, adenocarcinoma of the 
stomach: one, islet cell carcinoma of the pancreas: one. 
In addition, there were four patients with primary gall- 
bladder cancer and three with major bile duct cancer. 
The 20 benign liver tumors resected were giant heman- 


TABLE 6. Thirty Day Operative Deaths (108 Resections) 


Causes of Death 
Coagulopathy with hepatic failure 
Portal vein thrombosis (indwelling catheter) 
Warm ischemia (40 min); postnecrotic cirrhosis 
Unrecognized operative hemorrhage 
Uncontrollable operative hemorrhage 
GI bleeding, hepatorenal syndrome 
Pulmonary 2mbolus 


Total 


— 
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Type of Surgizal Procedure 
Left lobectomy 
Extended right lobectomy 
Right lobeczomy 
Left lobectomy + major bile duct resection 


Total 


[pee 
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gioma of the liver: seven, focal nodular hyperplasia: 
five, cysts: three, hamartoma: three, adenoma: one, 
Carroli's disease: one. 


CEA Levels 


CEA levels were determined preoperatively in 15 
patients with metastatic colorectal cancer. Ten, or 
67%, had CEA levels which ranged from 5.7 to 4900 
ng/ml with a median of 28 ng/ml. Five or 33%, had 
serum levels which were 5 ng/ml or less. Values were 
available for eight patients postresection. Seven of the 
eight returned to normal levels postoperatively. The 
one patient whose value remained elevated developed 
clinically evident recurrent disease within one year 
postoperatively although all gross disease had been re- 
moved at the time of resection. The median time 
elapsing after resection for the values to become nor- 
mal was one month. 


Alpha Feto Protein 


This was detected preoperatively in eight of 33 pa- 
tients (24%) having hepatic resection for primary 
hepatoma. Immediately postoperatively, it could not 
be detected in five of the seven individuals. The two 
exceptions had a dramatic drop in titer which rose 
with progression of disease. One ofthe two was a pallia- 
tive resection and one developed pulmonary metastasis 
about two months after resection. Interestingly, of the 
five who became negative, two developed recurrence 
without alpha feto protein being detected. The remain- 
ing three are alive and well. One patient was an opera- 
tive death. 


Splenomegaly 


Although not evident clinically, splenomegaly was 
found on liver scans. This was demonstrated preopera- 
tively in 18% (11/62) of patients. Reduction in spleen 
size was noted in four of these at six weeks to 24 


TABLE 7. Complications 


Subphrenic abscess 22 

Pleural effusion 15 

Wound infection 

Intraabdominal bleeding 

Thrombophlebitis 

Bile leakage 

Hepatitis 

Upper GI bleeding 

Enterocutaneous fistula 

Portal vein occlusion 

Acute renal failure 

Hypokalemia 

Bile duct stricture 

Hydrothorax with cardiac arrest secondary 
to subclavian vein puncture 
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months postresection. Splenomegaly became evident 
on postoperative liver scan in 20 of 46 patients who 
had liver scans two weeks to 18 months postresection. 
Hypersplenism was evident in only one patient. 


Survival Rates 


Forty-six per cent of the resections for malignant 
disease (Tables 8 and 9) were done with curative intent. 


. Palliative resections were done by virtue of regional 


* 


spread in 23 patients or of distant metastasis in 19. 
The most common type of regional spread was vascu- 
lar, either vena caval invasion or intrahepatic vascular. 
The most frequent type of extrahepatic metastasis 
was lymph nodal. 

Actuarial survival rates are available for only the 
first three postoperative years and exclude the 30 day 
operative deaths. Table 10 shows that of the 36 cura- 
tive resections, 100% were alive at one year and 
81% at three years. Palliative resections done with 
regional spread had a 74% one year actuarial survival 
rate and 17% lived three years. Patients with distant 
metastasis had similar rates. Primary liver cancer had a 
somewhat better survival rate than that of other tu- 
mors. One hundred per cent of the 13 subjected to 
curative resection lived two years, with 88% living 
three years. Palliative resection for this type of can- 
cer resulted in a 31% three year actuarial survival 
rate. Curative resection of metastatic colorectal cancer 
was nearly as successful. The two and three year 
actuarial survival rate was 72%. About half lived for 
one year after palliative resection, but none survived 
two years. 

Twenty-three per cent (6/26) of individuals with other 
types of cancer underwent curative resection. Their 
survival rate was comparable to that of metastatic 
colorectal cancer, being 83% at three years. All 
three of the three year survivors were children, two 
having hepatoblastoma and one embryonal carcinoma. 


TABLE 8. Hepatic Resections 


Number of Patients* 


Palliative 
Regional Distant 

Primary Tumor Curative Spread Metastasis 
Liver 13/29 (45%) 10 6 
Colorectal 17/23 (74%) 3 3 
Miscellaneous 4/15 (27%) 5 6 
Hepatoblastoma 2/5 (40%) 2 l 
Bile duct 0/3 (0%) 2 l 
Gailbladder 0/3 (0%) d z 

Total 36/78 (46%) 23 19 


* Excludes 30 day operative deaths. 
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TABLE 9. Palliative Hepatic Resections 
Frequency* Number 
Regional Spread (23 patients) 

Vascular 10 
Direct extension 8 
Residual disease 8 
Tumor rupture 3 
Bile duct 1 


Distant metastasis (19 patients) 
Lymph nodes 
Pulmonary 
Adrenal 
Diaphragm 
Ileum 
Omentum 
Flank 
Humerus 


— Ra at e et ee d. MD 


* More than one type of regional spread in six patients. 


Survival for the 20 patients undergoing palliative re- 
section was 35% at two years, with none living three 
years. Median survival was 15 months for individuals 
with miscellaneous metastatic cancers; 31 months for 
hepatoblastoma; 12 months for gallbladder cancer, and 
19 months for bile duct cancer. 


Discussion 


The technique of hepatic resection has been greatly 
simplified. A thoracoabdominal incision is rarely used. 
Morbidity of the operation has been greatly reduced 
by the abdominal approach which is now utilized. 
Preresection ligation of the major hepatic vein is 
tedious and hazardous. This is no longer practiced. 
Adequate control is readily exercised by intrahepatic 
ligation of these ‘vessels when they are normally 
reached during the dissection. T-tube drainage of the 
common bile duct with rare exception has not been 
practiced. | 

The results of this study compare favorably with 
those obtained in 37 patients resected in the preceding 
20 year period at Memorial Sloan-Kettering Cancer 
Center (1950 through 1969) as a collective experience 
of surgeons on the Gastric and Mixed Tumor Service, 
as well as the Rectal and Colon Service. The one year 
actuarial survival for those 37 patients was 57%; the 
three year actuarial survival was 23%; the five year 
actuarial survival rate was 20%. The operative mor- 
tality experienced during that period was 27%. 

The resectability rate could not have approached 
the 33% in this series although the precise rate cannot 
be determined at this time for that 20 year period; but 
the operative mortality and survival figures compare 
most favorably with those of the earlier series as 
well as with those of reports in the literature.!?12.19717 

Hepatic resection using the vascular isolation and 
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TABLE 10. Actuarial Survival 


Actuarial Survival 











Number 
Primary Liver 
Curative 13 
Palliative 16 
Total 29 
Colorectal 
Curative 17 
Palliative 6 
Total 23 
Other 
Curative 6 
Palliative 20 
Total 26 
All Cases 
Curative 36 
Total palliative 42 
Regional spread [23] 
Distant metastasis [19] 
Total 78 


1 year 2 year 3 year 
10096 100% 88% (TY 
78% 47% 31% (3) 

89% 7296 57% (10) 

10096 7296 7296 = (2) 

56% 0% 0% 

88% 48% | 48% (2) 

10096 83% 83% (3) 

70% 35% (2) 0% 

78% 49% 33% (3) 

100% 87% 81% (12) 

71% . 3695 18% (3) 
[74926] [41%] [17%] (1) 
[68%] [32%] [21%] (2) 

85% 59% 46% (15) 


* Numbers in parentheses represent number of patients alive beyond that time interval. 


hypothermic perfusion technique was performed in the 
majority of patients in the first years of this study. The 
limits of this technique were deliberately sought and 
individuals having massive tumors with vascular inva- 
sion and/or involvement of adjacent organs were re- 
sected. Four patients, not included in the present 
report, were part of a feasibility study. Three of these 
" have been reported elsewhere.? Extensive liver resec- 
tions with resection of portal vein, and extrahepatic 
bile ducts, and reconstruction of the free hepatic 
segment were done. Coagulopathy and death resulted 
in all and this approach was abandoned. Some patients 
with diseased livers in whom the risks of resection 
were recognized as being high, were also resected. 
This approach is reflected in the 30 day operative 
mortality rate of 17%. None of the 14 patients resected 
using the standard technique died during that period, 
for their lesions were generally smaller and more 
favorablv situated. With experience, it became evident 
that the risk/reward ratio was not generally favorable 
for the patient with a massive tumor requiring isola- 
tion of the liver in order to resect it. Furthermore, 
a larger proportion of the patients referred had less 
advanced lesions so that the isolation perfusion tech- 
nique has not been used during the past 3% years. It 
would appear to be indicated now for highly selected 
patients where gross vascular invasion of the vena 
cava or involvement of the caudate lobe by neoplasm 
might warrant its use. The three deaths experienced 
in the 67 patients having a standard hepatic resec- 
tion were unique in each circumstance. One death was 


due to technical error which resulted in hepatic vein 
and vena caval tears at multiple sites when the caudate 
lobe and lateral segment of left lobe were being re- 
moved. A second death resulted from portal vein 
thrombosis secondary to a catheter which had been 
placed in the portal vein for postoperative infusional 
chemotherapy. The resection had been otherwise 
smooth and uneventful. The third death was in a pa- 
tient who had a hilar node dissection and extended 
lobectomy for carcinoma of the gallbladder. An un- 
eventful resection resulted in postoperative bleeding 
from coagulopathy and eventual death of the patient 
from liver insufficiency. 

The decreased incidence of subphrenic abscess in the 
past three years appears to be a reflection of various 
factors. A large dead space after resecting large tumors 
invites this complication. A shortened operating time 
using the standard technique when compared with the 
isolation perfusion technique would appear to be an 
important factor in decreasing the incidence of sub- 
phrenic abscess. Another factor seems to be. recent 
use of a closed system for drainage of the subphrenic 
space. Use of a Shirley sump having a Millipore filter 
tends to prevent entrance of airborne contaminants. 
The complications of pleural effusion and wound ab- 
scess were usually secondary to a subphrenic collec- 
tion. A near fatal subclavian puncture and hydro- 
thorax at surgery, secondary to placing a central 
venous line, was successfully reversed without pro- 
longed ill effects. 

The gratifyingly high survival figures for patients 
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with primary hepatoma confined to the liver are most 
encouraging. Nearly half of the patients with this can- 
cer were resected for cure. Their actuarial survival 


. was 8896 at three years. Even the palliative resec- 


tions had a good result with an actuarial survival rate 
of 31%. These results are undoubtedly a reflection, 
in part, of the type of cancer which was treated. 
Cirrhosis was considered a contraindication for major 


_ hepatic resection with only three patients being in 


this series. 
.The splenomegaly observed in 1896 of patients 


' preoperatively and 43% postresection is interesting. 


Hypersplenism was evident in only one patient post- 
operatively. Its cause is undetermined but may be due 
to hemodynamic changes secondary to tumor or re- 
section. Compensating reticular hyperplasia might be 
a factor in postresection patients. 

Twenty-four per cent of patients with hepatoma had 
elevated. serum alpha feto protein preoperatively. After 
resection, it could not be detected in five patients. Two 
of these patients eventually developed recurrence but 
serum alpha feto protein could not be detected. Two 
other patients had a dramatic drop in titers. One of 
these had a palliative resection and one developed 
pulmonary metastasis two months afterresection. CEA 
determinations were also useful in identifying meta- 
static colorectal cancer. About two-thirds of patients 
who had a liver resection had elevated titers. These 
returned to normal postresection in all but one patient 
tested postoperatively. This patient proved to have 
unrecognized persistent disease. These studies clearly 
show that tumor markers are valuable for clinical 
management of patients but they are not infallible. The 
data represent yet another indication of the biochemi- 
cal and biological heterogeneity of a given cancer. 

Metastatic colorectal cancer to the liver had an ex- 
cellent survival rate when all disease in the liver could 


be encompassed by the resection, and there were no 


other sites of disease; the three year actuarial survival 
rate being 72% in this group. It would appear that al- 
though only six patients were resected with extra- 
hepatic disease, palliative resection here does not 
appear to be generally indicated. No patient in this 
category lived as long as two years. About half (48%) 
of patients with resected colorectal metastasis had 
multiple metastatic lesions. These results can be 
compared with those reported by Attiyeh et al.,? on 
results of resecticn of metastatic olorectal cancer to 
the liver. They reported on 25 patients of whom 19 
treated over a 26 year period had a wedge resection 
of metastatic colorectal cancer to the liver. The 
median size of the lesions was 1.5 cm, 8496 were soli- 
tary lesions. The three year actuarial survival for this 
group was 5646, not significantly different from that of 
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48% where a major hepatic resection was carried out. 
This substantiates the concept that obligatory lobec- 
tomy is not necessary for metastatic disease; that 
resection of the metastasis with a margin of normal 
liver tissue is satisfactory. The decision to carry out a 
wedge resection or a formal lobectomy is decided by 
the size and location of the tumor. A large mass of 
metastatic cancer does not preclude cure. 

The other types of cancer which were resected 
are too few in number to provide meaningful survival 
figures for the various individual primary cancers. 
Their overall survival rates were lower, however, 
reflecting a larger number of palliative resections. 

The therapeutic effectiveness of adjuvant chemo- 
therapy after hepatic resection cannot be evaluated 
since only four of 30 patients with primary liver 
cancer or metastatic colorectal cancer who had a cura- 
tive resection have died of recurrent diseases. In the 
palliative resection group, two few patients have been 
treated for valid statistical analysis of the data. 
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. DISCUSSION ` 


' Dr..Martin’A. Apson (Rochester, Minnesota): I want to compli- 
ment Dr. Fortner on his, accomplishment and his presentation and 
to agree with him by presenting briefly data that confirm his ex- 
perience with malignant hepatomas. 

. (Slide) This first slide summarizes the- results of my experience 
with resection of primary, solid liver tumors as of à year ago. On 
your left are.the survival rates for resected primary hepatic 
malignancies, a 60% tiree -year survival and. a nearly 40% five- 
year survival; . 

(Slide) On this next: ‘slide data are shown. of comparative ex- 
périences. before and since 1970, more than can be discussed in 
detail now. However, as the.first line shows, there hasbeen. but 
one operative, hospital or early postoperative death. In the past 
year, nine additional major primary resections have been done 
for primary. malignancy with no deaths, bringing the total for 
hepatomas to 35 cases. 

I have had one additional postoperative death’ following a comple: 
tion trisegmentectomy for recurrent tumor, done years after a 
right lobectomy. This is a sad and complicated story without 
time. for telling, but has led me to, believe that I will probably 
not try that operation again. However, clearly, an aggressive 
surgical approach to primary. hepatic malignancies is justified by 
encouraging | survival rates. and acceptable operative risks, without 
resorting, as Dr. Fortner has said, to isolation-perfusion tech- 
niqués. The extent of resection in our series is similar to Dr. 
Fortner's series. 

Finally,.] wanted to ask Dr. Fortner how: aggressive we should 
be in dealing with larger metastatic hepatic tumors. 

(Slide) Three .yéars ago, we. evaluated retrospectively survival 
following resection. of colorectal: metastases. Twenty. patients who 
had: multiple lesions removed: were not benefited. However, of the 
forty patients who had apparent solitary lesions, most of which 
were removed at the time of the primary operation and 7596 of 
which were two inches of less in diameter, 40% lived for five years 
and 2896 lived for ten years after resection: 

(Slide) Encouraged by this, we have taken a more aggressive 
approach to metastatic colorectal cancers, and in the past three 
years have done more than twenty major hepatic resections for 
larger metastatic lesions; many of these lesions have been detected 
some time after resection of the primary tumor, and many were 
symptomatic. There have been no operative deaths, but we have 
been disappointed to encounter either multiple lesions or extra- 
hepatic spread in most of these cases, despite. the use -of angio- 
graphic techniques and computerized tomography. ` l 

I have two complicated slides tabulating early rẹsults which I 
will not burden you-with, but they show that we will not know the 
result-of our-more heroic efforts for another year or so. However, 
wé appear to be reaching a point of diminishing returns in our 
aggressiveness. I do havé the. feeling that we have helped signifi- 
cantly only about 15-20% of these patients with larger, sympto- 
matic lesions. I'm interested to know Dr. Fortner's thoughts about 
management of these larger metastatic tumors. 


| DR. JOHN TERBLANCHE (Cape Town, South Africa): I thought 
that I would remind the: audience of the experience we have 
with black South African patients, in whom I believe this tumor 
is a different disease. 

, Almost all of the patients we see—and there are many of (heme: 
are’ inoperable. We have. rouna peritoneoscopy useful in the 
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investigation of these patients to prevent unnecessary laparotomies 
on a large group of patients who are inoperable. The majority of 


our patients have either multicentric disease throughout both | 


lobes of the liver and this has usually been easily visible through 
the peritoneoscope, or severe associated cirrhosis. I would like 
to ask Dr. Fortner what his view ts with regard to major resection 
of the liver in a patient who has severe cirrhosis. 

The patients that we see in the black South African group 
are invariably dead within four to six.months of the time -of 
diagnosis. Almost all of them are young males who have been well 
until near the time of admission to hospital. 

Of the major hepatic resections that we perform at Groote Schuur 
Hospital, the patients do not usually belong to this common group; 
they are the same type of patients that you are operating on here. 


DR. RICHARD E. WILSON (Boston, Massachusetts): I want to 


corroborate the fact that patients with colorectal cancer certainly 
deserve a chance at resection of metastases. 

I'd like to direct two questions to Dr. Fortner. First, in such 
patients, when you talked of curative hepatic resection, did those 
include patients with multiple nodules as well as single nodules? 

Second, what has been the pattern of recurrence after liver 
resection in these patients? Have the tumors recurred’ in the 
liver at the additional site, or have they recurred distantly? 


Dr: THOMAS EARL STARZL (Denver, Colorado): I've developed 
a personal series of hepatic resections, much smaller than Dr. 
Fortner's, but in agreement with many, although perhaps not all. 
of his points. 

In 1975, the techniques that we used for hepatic resection 
were described in Surgery, Gynecology & Obstetrics employing 
carefu] hilar dissections and individual control of the hepatic 
veins, but with no special isolation-perfusion methods, which I 
think unnecessarily complicate the operation. We do not use the 
Lin-type clamps which some believe obviate the need for hilar 
dissection and control. 

(Slide) We had 43 resections, abut half the size of Dr. Fortner's 
series. I draw your attention to the fact that almost half of 
these patients, 21 in all, have had extended right hepatic lobec- 
tomies (8096 to- 8596 resection or trisegmentectomy). Nine and six. 
respectively, had true right and left lobectomies. Five had lateral 
segmentectomy and the rest were local excisions. There was no 
operative mortality. 

We had a large number of trisegmentectomies because many of 
these patients were referred for liver transplantation after previous 
operation at which the lesions were thought to be nonresectable. 
In fact, the lesions could be removed with trisegmentectomy. 

You will note that 11 of the 43 patients died two months to five 
years later of metastatic disease. However, the results in terms 
of control were encouraging, just as Dr. Fortner has indicated. 
Even of those patients who had localized hepatic metastases, five 
of nine are still alive after 2-!5 to 3-12 years, and two of these five 
are free of ail residual disease at follow-ups three years or later. 
When death occurs, after resection of isolated hepatic metastases, 
it tends to be from extrahepatic spread, to comment on Dr. Ter- 
blanche's question. 

With primary hepatic malignancy, eight of 15 patients are alive; 
with follow-ups of one to 5-14 years, and seven of these eight pa- 
tients have no evidence of residual disease. Thus, the figures from 
Dr. Fortner, those from Dr. Adson, and those which I am citing are 
all similar. They indicate that the pessimistic views about the 
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treatment of hepatic malignancies are probably nof: justified. 
We have treated all our patients with adjuvant chemotherapy. 
(Slide) Finally, the complete safety with which traditional or even 


'extended hepatic resection can be done has greatly expanded the 


indications, as I think was also évident from Drs. Fortner and 
Adson's series. Twenty of our hepatic resections were for benign 
disease, including eight adenomas and six hemangiomas. Three 
of the adenomas required trisegmentectomy for removal. These 
were adenomas that had ruptured. 

From all of the comments we: have heard today, it is clear 
that partial hepatic resections has entered a new era of. safety, 


. requiring no special gimmicks, nor anything other than the straight- 


forward use of sound techniques and surgical principles which, 


' in my opinion, simply involve adequate control of what comes 


into the resected specimen and adequate control of what leaves it. 


Dn. JAMES H. FOSTER (Hartford, Connecticut): I rise to compli- 
ment Dr. Fortner on his large personal experience and I. support 
many of Dr. Fortner' s conclusions. A nationwide review of cases 
of liver resection for both primary and secondary liver tumors, ac- 
complished with the help of many in this audience, has allowed a 
look at short and long term survival. Unfortunately the operative 
mortality was closer to 2096 than Dr. Fortner's 9%, but a surpris- 
. ing 3596 of patients with primary tumors occurring in noncirrhotic 
” liver lived five years or more after resection. Partial tumor resec- 
tion for palliation or resection of cirrhotic livers was followed by 
dismal results. I was glad to see that Dz. Fortner has turned away 
from the more complicated isolation-perfusion technique for liver 
resection. It was also encouraging to note that 20% of patients 
with secondary tumors from colon and rectum carcinomas will 
live five years after resection of liver metastases, but resection 
of secondaries from other primary tumors was much less rewarding. 

One area that I might differ from Dr. Fortner is in regard to an 
aggressive approach toward resection of hemangiomas and the 
solid benign tumors. I believe that hemangiomas are seldom 
symptomatic in the adult and should probablv be watched, and I 
suspect that as we learn more about the true nature of liver cell 
adenomas and focal nodular hyperplasia we will be Iesevtmg 
fewer of these rare lesions. ; 


f 


Dr. THOMAS TAYLOR WHITE (Seattle, Washington): I would 
like to ask Dr. Fortner a question he didn’t discuss: When 
should we give chemotherapy, and how much? 

Dr. Starzl also mentioned that -he gave adjuvant chemotherapy. 
We've noticed that our chemotherapists want to give it right off the 
bat, and give many of the patients drug hepatitis. How much of a 
delay should we have? How much of a reduction in dosage? How 
does the timing play a part in the treatment of these patients? 
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. DR. JosEPH G. FORTNER (Closing discussion): The question 
of how aggressive we should be in resecting metastatic colorectal 
cancer to the liver is sort of amusing and puzzling coming from 
Dr. Adson. He has shown a 28% five-year survival rate after resect- 
ing: metastatic colorectal cancer, and he’s wondering, perhaps, 
if he should let the chemotherapists handle this instead because all 
he can get is 28%. The chemotherapist, after all, has a 40% response 
rate for thirty days, and maybe he should turn it over to him. 
It’s always interesting to see the difference in- reference point. 
that the surgeon makes strict demands on his own work, but seems 
to give in to the chemotherapist instead. h gà 

I really think that we should continue to carry out surgical resec- 
tion of this, which is much more effective than any .chemo- 
therapeutic agent. Chemotherapy, of course, has a valuable 
place in adjuvant programs. 

I think about half of our patients had multiple metastatic lesions, 
so we didn’t see any difference in survival figures for either single 
or multiple metastatic. lesions. It’s important to point out,.I think. 
that wedge resection is as good as major hepatic resection. It’s 
only how much of the liver needs to be removed in order to get 
all gross disease out with a good margin. The survival figures 
are the same whether you .wedge or do a major resection. 

In reference to.Dr. Terblanche’s comments on their South Afri- 
can experience, we consider cirrhosis to be a contraindication to 
major hepatic resection. I think there were one. or two who had 
mild cirrhosis in the series. 

The ‘pattern of recurrence that Dr. Wilson asked about is thai 
most of these patients developed pulmonary metastases, or sites 
other than the liver. CEA level; of course, is important in 
following this. About two-thirds of the patients had positive CEA 
levels before resection, and these reverted to undetectable or low 
levels in all but one patient postresection; and that patient: -had a 
local recurrence in the liver about a year later. So I think it’ s an 
important way to monitor the results. 

I agree with Dr. Foster that hepatoma can be a rather dolen: 
disease in a small percentage but it’s not always so. On the benign 
tumors, whether they need resection or not, the focal nodular 
hyperplasia —may or may not undergo spontaneous regression if 
you take the patients off hormones . I don't know. You can identify 
the lesion grossly quite well, and I think this is something. that's 
unknown at the moment. If we had a preoperative diagnosis now, 
we would observe it only: and not resect it, unless there had 
been bleeding. . 

We're following | a large number of sant cavernous hemangiomas 
of the liver without resecting them, and I think the indication for 
their removal is a history of bleeding. 

In reference to Dr. White's comment ón Bosioseritivd chemo- 
therapy, we start our adjuvant chemotherapy six weeks after the 
resection. Liver regeneration has advanced sufficiently at that 
time so that these patients can tolerate the cne motierapy just 
as well at that time as if they had not had a resection. 


Correlation of Estrophilin Content of Primary Mammary 
Cancer to Eventual Endocrine Treatment 
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The estrogen receptor protein content of recurrent breast 
cancer correlates well with the clinical response to hormonal 
manipulation. This predictive value of the ER of the 
primary tumor obtained at the time of mastectomy has not 
yet been proven. If this predictive capability should hold 
for primary tumors and eventual endocrine treatment, the 
ramifications are obvious: endocrine therapy could be 
offered to patients on a rational basis and adjuvant therapy 
could be considered on a plausible biochemical basis. This 
report details our observations as to the ER content of the 
primary tumor and the eventual result of endocrine therapy. 
Thirty-seven patients whose tumor ER was determined from 
the primary tumor eventually underwent some form of endo- 
crine therapy for recurrent disease. Fifteen of the primary 
tumors had significant ER content and 22 possessed in- 
significant amounts. Only one of the 22 patients with insignifi- 
cant ER content was benefited by endocrine treatment. Those 
patients whose tumors contained low amounts of ER ex- 
perienced recurrence of their disease more rapidly than did 
those with higher ER content. There was no correlation of 
age, cell type of tumor or metastatic site with the ER con- 
tent of the tumor. There is a positive correlation between 
response to chemotherapy and ER content of tumor. Meas- 
urement of the estrogen receptor protein content of the 
primary breast tumor is a reliable method for choosing 
patients for eventual endocrine therapy. Those patients whose 
tumors contain insignificant estrophilin are not candidates 
for such attempts at palliation. 


URING THE 25 YEARS since Huggins demonstrated 

that some mammary tumors were not auto- 
nomous and could be influenced by manipulation of 
their hormonal milieu, the search for tumor and host 
characteristics to indicate such a sensitivity has pro- 
gressed from the purely clinical to direct assessment of 
the hormonal binding capacity of the tumor. Correla- 
tions to endocrine dependency were attempted for such 
parameters as cell type of tumor, disease free interval, 
and previous response to castration. Attempts were 
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also made, generally unsuccessful, to correlate this 
dependency with endogenous estrogen production, the 
response of the tumor to exogenous hormonal stimu- 
lation, and to certain enzyme characteristics of the 
tumor itself.? . 

Following the observations of Folca, et al.* that 
adrenalectomy was beneficial only for those patients 
whose recurrent tumor incorporated significant 
amounts of tritiated hexestrol, Jensen and others? 
conclusively demonstrated that estrogenic hormones 
interact with estrogen receptors in-excised specimens 
of hormone-dependent tissues and some human 
tumors. The clinical application of these observations 
has become firmly established by reports from this 
institution??? and from the reports of McGuire'* and 
others. These investigations indicate that only those 
patients whose recurrent tumors contain significant 
amounts of the estrogen receptor protein (estrophilin) 
will be benefited by hormonal treatment. The patient 
with negative estrogen receptor content rarely re- 
sponds to endocrine therapy. Significant concentra- 
tions of receptor protein (ER) have been previously 
reported by us to be 250/fmoles per gram of tumor 
for the premenopausal and 750/fmoles for the post- 
menopausal patient when determined under the ex- 
perimental conditions described.” | 

While this correlation of ER content to clinical 
response is well established when determinations are 
carried out for recurrent tumor, the predictive value 
of ER from the primary tumor obtained at the time of 
mastectomy has not yet been proven, although pre- 
liminary results appeared promising.!!^? If this predic- 
tive cabability should hold for primary tumors and 
eventual endocrine treatment, the ramifications are 
obvious: not only could endocrine therapy be offered 
to those patients with recurrent disease on a rational 
basis. without the necessity for invasive biopsy of vis- 
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' ceral tumor, but even forms of adjuvant therapy 


such as castration or the ''prophylactic administra- 


. tion" of certain clinically available ''antiestrogen"' 


compounds could be considered on a plausible bio- 
chemical basis. 

This report details our observations as to the ER 
content of the primary tumor and the eventual result 
of endocrine therapy in a group of patients whose 


mammary tumor recurred. 


E Materials and Methods 


During the years 1966 through 1974 the estrogen 
receptor content of the primary mammary tumors of 
359 patients was determined in our laboratory. 
During the early portion of this study, ER was 
measured utilizing the tissue slice technique;? in the 
majority of instances, tumor ER was measured by the 


£~ sucrose gradient technique.? 
.* As of December 1977, 79 patients had developed 


recurrent or metastatic disease. These patients formed 
the basis of this report. Thirty-seven of these pa- 
tients were treated by hormonal means: 17 by ablative 
and 20 by additive methods. Fifteen patients eventually 
received chemotherapy for their advancing disease. 

The presence of sinus histiocytosis or cortical hyper- 
plasia of the axillary lymph nodes obtained at the time 
of mastectomy was noted when present. 


Results and Discussion 
Lymph Node Histology 


Follicular hyperplasia was observed in the axillary 


, lymph nodes of nine patients. Three of these patients 


had significant EK content in their primary tumors. 
Twelve patients exhibited nodal sinus histiocytosis 
with an equal distribution between ER negative and 
positive tumors. This lack of correlation between ER 
content of the primary tumor and axillary nodal re- 
sponse has been noted by Rosen et al. This reflec- 
tion of the immune mechanism is apparently independ- 
ent of the ER content of the primary tumor. 


Metastatic Site 


Singhakowinta!® and coworkers reported that ER 
positive tumors frequently have boney metastases, 
while those without significant ER metastasized to 
viscera. Wittliff'" did not find a correlation between 
the presence of estrogen receptors and the site of the 
metastases from the breast tumor. Rosen et al.!5 were 
unable to note any difference in metastatic pattern 
and tumors of varying ER content. We found no re- 


=- lationship between the ER content of the primary 


tumor and the eventual metastatic site. Our patients 
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with metastatic disease had an equal distribution be- 
tween bone, viscera, and soft tissue metastases ir- 
respective of the primary tumor ER. 


Disease Free Interval 


As early as 1954 Huggins' noted a correlation be- 
tween the prolonged disease free interval from the time 
of mastectomy and an eventual response to adrenalec- 
tomy. Several authors have attempted to establish a 
correlation between a prolonged disease free interval, 
significant tumor ER content, and eventual response to 
hormonal treatment. McGuire! and Singhakowinta!$ 
observed that ER positive tumor generally had a long 
disease free interval and King? accepted this correla- 
tion. Heuson® could find no apparent correlation between 
disease free interval and ER content of the tumor. 

Our patients whose tumors possess significant ER 
had a mean disease free interval of 29.1 months with 
a median of 26 months. A shorter mean of 14.1 months 
and a median of nine months was associated with 
insignificant ER content of the primary tumor. 
Utilizing the student t-test this is statistically signifi- 
cant to p «0.005. While the disease free interval 
cannot be utilized as the basis of selection for the 
individual patient, our data suggests that Huggins' 
original observation of long freedom from disease with 
responsive tumors was a valid one. Such response is 
undoubtedly dependent upon the ER content of the 
primary tumor. 

Estrogen receptors and response to hormonal 
therapy. Following the original report of Jensen et al.? 
indicating the predictive value of the ER protein, 
several studies were undertaken to ascertain the 
clinical usefulness of this determination. To date the 
studies have been in general agreement that the ER 
determination was of value when tumor from a 
metastatic site was utilized. There has been no con- 
clusive demonstration that the ER characteristics of 
the primary tumor are uniformly useful in predicting 
the eventual response to hormonal treatment. If the 
ER content of the primary tumor successfully char- 
acterizes the hormonal dependency of a given tumor, 
it is obvious that this would be of immense clinical 
value. Not only would this allow the clinician to select 
or reject an endocrine therapy with confidence, but, 
utilizing the same rationale, hormonal adjuvant 
programs could be constructed for high risk patients. 

The studies to date have been inconclusive regard- 
ing the efficacy of the predictive value of primary 
tumor ER for a variety of reasons: a mixture of 
primary and metastatic tumors were utilized for ER 
determination; the numbers of patients were often 
inadequate; there were variations in techniques of ER 
measurements; there was lack of agreement as to ''sig- 
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nificant" ER content; and there Were Variations in the 
expression of ER content.?623.15.17 

-The reports of McGuire, Heuson, King? and Wit- 
tliff" all suggest a correlation between, ER content 
of the primary and eventual clinical response, but 
did not demonstrate this correlation conclusively. - 

In: this report, the majority of our determinations 
were accomplished using the sucrose gradient tech- 
nique. We arbitrarily designated significant ER content 
as the lowest level associated with clinical objective 
remission. This appeared to be approximately 250/ 
fmole/g of tumor for premenopausal and 750/fmole 
for postmenopausal patients when determined under 
our experimental conditions. This arbitrary selection 
based on clinical response undoubtedly accounts for 
our elimination of "intermediate" :values of ER 
content. | i 

Of our 37 patients. with recurrent disease treated by 
hormonal methods, 15 had significant ER and 22 had 
insignificant ER. There was no difference in the age 
distribution between the two groups, and ages ua 
from 28 to 85 years. 

Eleven of the 15 patients whose primary tumor con- 
tained significant ER benefited from hormonal 
manipulation and there were four failures. Only one 
patient whose primary tumor contained insignificant 
ER benefited from endocrine treatment. The remain- 
ing 21 patients did not respond. The one ER negative 
patient to receive benefit was 67 years of age, devel- 
oped recurrent anterior chest wall disease, and has 
obtained remission for five years with stilbestrol: 
Recrudescence of the disease has been noted twice 
with the discontinuance of stilbestrol. One ER negative 
patient who failed to respond to castration was post- 
menopausal and, therefore, may be considered to 
be unassessable. 

Seven of the ER positive patents underwent abla- 
tive therapy resulting in six remissions and one failure. 
Five remissions and three failures were recorded in 
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the eight ER positive patients who received additive 
therapy. Ten of the 22 ER negative patients under- 
went ablative therapy without remission. All but one 
of the additive therapies were failures for the ER 
negative patients. 


Chemotherapy and ER Content 


The report of Fisher et al.? in which adjuvant 
chemotherapy appeared to be most efficacious in‘ 
premenopausal patients, and similar observations in 
CMF treated patients! have nurtured the thesis that 
the value of chemotherapy may well be obtained by 
suppression of ovarian activity. We attempted to 


. correlate the ER content of the primary breast tumor 


with the eventual response to chemotherapy. While 
inconclusive, the results are intriguing. Fifteen pa- 
tients were treated by chemotherapy. While a com- 
bination of cytoxan, methotrexate, and 5-flurouracil 
was most commonly used, some patients received 
only a single agent. Four of these 15 patients were 
ER positive and three of these benefited from chemo- 
therapy. Two of the responders had previously ob- 
tained remission by hormonal treatment. Of the 11 
negative patients, all failed with chemotherapy. Four 
of these failures had also been failures to hormonal 
treatment. Admittedly, this observation is almost 
antecdotal as there were few patients, random chemo- 
therapy was utilized, and there was no prospective 
protocol for treatment. Yet the association of signifi- 
cant ER content and previous response to hormonal 
therapy is present and should be further evaluated. 


Perspective 


. The knowledge of the estrogen receptor content of 
a primary mammary cancer must be viewed with a 
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Fic. 2. Results of ablative and additive hormonal therapy in 
patients with ER positive and ER negative tumors. 
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proper clinical perspective. This one determination is 
but a single piece in the mosaic of the subcellular 
biochemistry of breast cancer. To deprecate the clini- 
cal importance of this determination because some pa- 
tients with significant ER content will not respond to 
hormonal treatment, because of eventual escape from 
hormonal regulation, or because of a lack of under- 
standing of the role of other steroid and protein 


.hormone receptors begs the question. The importance 


—— 


4$. 


_of continuing investigations of the molecular proper- 


ties and behavior of receptors in human cancer is 
obvious. It is not the purpose of this report or this 


clinical investigation , however, to explore these prob- 


lems. Our report and our investigation are limited to 
an evaluation ofa very circumscribed area: does knowl- 
edge of the estrogen receptor content of a primary 
tumor predict the hormonal dependency of that tumor 
with enough accuracy to be rationally employed for 
palliation should metastatic disease appear? To at- 
tempt to broaden an interpretation of our findings to 
explain the phenomenas of escape, failure, or un- 
responsiveness is to exceed our objectives. 

The consistent failure of hormonal therapy in those 
patients whose primary tumor did not contain signifi- 
cant ER indicates that this determination is a satisfac- 
tory criterion for the use of hormonal therapy for 
palliation. The observation by Greene et al.? that anti- 
bodies to estrophilin, purified from calf uterus, cross 
react with estrogen receptor protein of human breast 
cancer suggests that in the future ER determinations 
may be made by the relatively simple method of 
radioimmunoassay. 

The demonstration of the clinical usefulness of the 


k. ER determination and the promise of a convenient 


a 


method of measurement suggests that the determina- 
tion of the ER content of the primary tumor should 
now be aroutine examination accomplished’ at the time 
of primary excision. 


Conclusions 


The presence or absence of significant estrogen | 


receptor protein in primary human breast cancer can 
be utilized for a rational selection of patients ‘for 
hormonal treatment. A prolonged disease free interval 
is observed in association with tumors containing 
significant ER. There appears to be no correlation 
between estrophilin content of the primary tumor and 
axillary lymph node sinus histiocytosis, metastatic 
site of disease, or age of patient. There is an intriguing, 
but unproved, association between eventual response 


DISCUSSION 


Dr. WILLIAM WARNER SHINGLETON (Durham, North Carolina): 
In our Cancer Center at Duke we have a study in progress related 
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to chemotherapy and the gso parm content of the 
primary tumor. 
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to this subject, headed by Dr. Ken McCarty; Ir. and I would like 
to briefly present to you some of our preliminary data. . 

` Since 1973, we have carried. out 1329 estrogen receptor assays 
in 1075 patients. In 410 of these patients, the patients had meta- 
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static carcinoma of the breast. The results have shown that 35% 
of these patients had ER-positive assays, and 83% of these pa- 
tients responded to various forms of hormonal treatment. Sixty- 
five per cent were ER negative, and only 6% of these responded to 
the hormonal treatment. 

In 1975 we started carrying out the assays on primary carcinoma 
of the breast, and therefore our follow-up has not been as long as 
Dr. Block's However, since we started in '75, we have now as- 
sayed the estrogen binding in 665 patients, and we have a follow-up 
in 410 of these patients, as of December, 1977. In those assays of 
the primary breast cancer patients, 51% were. ER positive, 40% 
negative, and they were about equally distributed between pre- and 
postmenopausal patients; that 1s, those who were positive. 

Now, in these 410 patients as of December, '77, there have 
been 46 recurrences, and therefore we have now 46 patients who 
have had both the ER receptor carried out in the primary tumors, 
as well as their metastases, and I think one of the interesting 
aspects of this ss the fact that there has been an 80% correla- 
tion; that is, in those who had either positive binding in the pri- 
mary, or negative, the study on the metastatic tumor correlated with 
this. 


This in itself would suggest, then, that the estrogen-binding 


study on the primary would be predictive for hormone approach to. 


management 
Our data agree with the points made by Dr. Block concerning 
" whether or not the estrogen- -binding study, would correlate, with the 


pe iene in lymph nodes; such as sinus histiocytosis, and the other.. 
factors. We have been able, however, to correlate another. factor; 


that is, that the estrogen-binding positivity or-negativity can. be 
u correlated^with the ultrastructure of the tumor. Dr, McCarty; who 
is an endocrinclogist-and a pathologist, is preparing a paper. on 
this particular point, and.it'will be reported soon. 

-As we follow :these 665: patients with their primary. tumors,, we 
' will, 


positive.and.the negative groups, regarding how well they responded 
-to hormonal therapy. 


* Dr. E. GEORGE ELIAS (Baltimore, Maryland): I would. like to - 


«ask Dr. Block a.couple of questions and. make one comment. . 


. ^: We have. studied ‘liver. metastasis in five patients:with metastatic — - 
" cancer ofthes5reast to: the liver; and we did.estrogen receptor oh. |. 
“= them. All five were negative. As you know;thiscorrelates again with . 


n thé chemotherapy. Usually, patients with liver metastasis from can- :: 


BLOCK AND OTHERS 


of course,.continue to record and will report. at periodic . 
* intervals the responses-of the:various groups of. patients, both the . 
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cer of the breast do fail to chemotherapy; they have the lowest re- 
sponse rate. This showed that they were all estrogen-receptor 
negative. 

I realize the group is too small, but the indicatións are that the 
estrogen-receptor positive tumors may respond better to the chemo- 
therapy as well as to the hormones. 

Now, for Dr. Block, did you find more estrogen-receptor posi- 
tives in the postmenopausal patients, and did you correlate the 
estrogen and the progesterone-receptor positives in these pa- 
tients? Because there are reports indicating over 8046 response rate 
to hormonal manipulation in this group. 


Dr. GEORGE E. BLock (Closing discussion): To answer the last 
question first, we were also intrigued by the thesis that the determina- 
tion of progesterone receptors may solve the puzzle of the lack 
of responsiveness in some estrogen receptor positive individuals. 
Unfortunately, we did not find this determination to be the key. 
We did not find either a positive or a negative correlation to 
explain success or failure by determinations of progesterone 
receptor. 

I would emphasize, as we did in the manuscript, that our pre- 
sentation is not an attempt to explain by the presentation of one 


: piece in a mosaic a complex molecular biology of cancer; rather it is 


merely an attempt by clinicians:to pose the question whether this 
particular determination help:üs in choosing or rejecting a certain 
therapy. We are persuaded'that it does. | 

‘We have also. observed;#as did Dr. Elias, that a larger number 
of patients.have significantiestrogen receptor levels are in the post- 
menopausal. group. However, this is probably a function of our 
arbitrary designation of»what is positive or negative. 

Dr. Jensen, who first; devised this determination, was called upon 
to interpret significance from his data. He became very practical 
and: made his cut-offipoints on the basis of clinical response. That 
is, significance was&the lowest estrogen receptor level associated 
with. an "objectiveiremission. Our determinations of so called 


' positiveness or negativeness have been, therefore, purely arbitrary 
‘and empirical. The%criteria varied from one laboratory to another, 


so it is somewhat. like comparing apples and oranges. 
We are very encouraged by Dr. Shingleton's remarks and eagerly 
„await the results- ‘Ofshis large clinical sample. We are persuaded 


that .by the. criteria of estrogen receptor levels, we can intelli- 


gently utilize endocrine manipulations for palliation; it appears logi- 
+ Cal.that. adjuvant: programs such as prophylactic castration could 
“be: intelligently: strüctüred on such a biochemical basis. 
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f «Abdominal Aortic 
Aneurysm Clamp 


90% of all vascular clamps 
are developed at Pilling. 








Wylie 


Pilling has been the craftsman behind almost 
every improvement in vascular clamps. 
Pilling has more clamps than any other 


company. Only three of our recent clamps are 
shown above; yet our list is extensive and new 





Life-Lok® Construction. 
No riveted pin. Box lock won't break. 


Atraugrip* Serration. Complete vessel 
occlusion. With intimal protection 


designs are constantly in production. For aortic 
and peripheral vascular occlusion, 350 different 
Pilling clamps match the anatomical consid- 
erations for almost every surgical approach 
you use. 


Every Pilling clamp gives you these exclusive 
benefits: 

e Non-traumatic Atraugrip® jaw serrations — 
patented by Pilling and now widely imitated, 
grasp vessels firmly without crushing. Five 
different jaw patterns are available: Atraugrip®, 
omall Atraugrip?, Atraugrip? (2 x 3), Cooley, 
and Pediatric, Imm. You get complete vessel 
occlusion with intimal protection. 


Hypogastric Clamp ^ > 
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e You ve had box locks break. It'll never happen 
again. Pilling box locks are virtually indestruc- 
tible — they will not break! Our Life-Lok® 

box lock construction protects your patient 

and assures confidence in your clamps. 


We want to send you full specifications on the 
clamps that can enhance your surgical technique. 
Call us direct. We'll send you our 240 page 
catalog showing how Pilling clamps can do more 
for you in the operating room than any other 
clamps. 


Call toll free. Ask for Pilling's latest catalog of 
vascular, thoracic, and cardiac instruments. 


800-523-6507 


215-643-2600 in Pennsylvania or write 
Mr. William Taylor at the address below. 


<> NARCO PILLING 


A Division of Narco Scientific 
Delaware Drive 


Fort Washington, PA 19034 e U.S.A. 





HAS IDENTIFIED 
LINTAS A 
POTENTIAL CAUSE 
OF POSTSURGICAL 
COMPLICATIONS. 
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Reaction to lint left in the operative site is not rare. Numerous reports in clinical literature 


confirm this. For example: 


In 1955, Amromin et. al. reported on 65 patients and concluded, “Merely sponging an open wound 
with cotton gauze... may be sufficient to deposit enough lint to cause postoperative complications."' 
More recently, Sturdy et. al. discovered traces of gauze in granulomas removed from 23 out of 28 
patients who had undergone prior surgery.? During the 1970s, Ellis et. al. discovered lint in 27% of 


309 repeat laparotomies;? 





SOF-WICK® Lap Pad helps reduce a potential 
source of foreign body reactions. 

SOF-WICK Lap Pad reduces a potential cause 
of granulomas, adhesions and intestinal 
obstruction. The unique fabric sheds far less lint 
than gauze anc eliminates pilling and fraying 
associated with gauze lap sponges. 


Comparative Quantities of lint (milligrams)^ 


SOF-WICK 
Lap Pad 


Unlaundered Once-laundered 
gauze gauze 


Prewashed 
fluff-dried gauze 





Helps maintain a clearer, drier operative site. 
Highly absorbent SOF-WICK Lap Pad wicks 
blood considerably faster than gauze. 


SUFWIC 


TRADEMARK 


single use/x-ray detectable 4 
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Different 
from Gauze... 
for a Reason 





Developed to minimize tissue and organ 
trauma. 

Unique SOF-WICK Lap Pad fabric is demon- 
strably softer than gauze and conforms for easy 
packing or walling off. 


Decreases risk of contamination. 
Single-use, X-ray detectable SOF-WICK® Lap 
Pad is guaranteed sterile by Johnson & 
Johnson. Available in convenient PATIENT- 
READY® Sterile packs of five pads — in four 
sizes: 14" x 14", 9" x 9", 28" x 6". 14" x 3". 
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THE LEADER IN WOUND MANAGEMENT. 
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the low-back patient 
and his problems: 


Chances are you frequently 
see patients with musculo- 
skeletal conditions which are 
caused or aggravated by 
assembly line jobs where 
they must perform the 

same activity over and 

over again. Those work- 

ers whose jobs require 
repetitive lifting or 

bending are most 

likely to complain of 
low-back discomfort. 
Unnatural motions 

repeated for hours on 

end can place undue 

strain on the ligaments, 
muscles and vertebrae of 
the lower back, even 

though the objects lifted 

are not heavy. These cases 
are especially difficult 

to manage if the patient 
must return to the same 
job after treatment. While f 
he can't avoid lifting | 4 
altogether, he can 

benefit from practical 
instructions on the 

correct way to lift 

and suggestions on 

how to break up 

his routine. 





Lift with the legs, never the back 
This rule applies; even when picking up a 
scrap of paper. The patient should never 
bend forward or sideways from the waist, 


or lift from a bending-forward position. He 


will better understand why it is important 
to let the legs do the lifting if you explain 
that those strong bones and powerful 


muscles can withstand the strain far better 


than 24 movable vertebrae in a curved 


line. You may find it helpful to demonstrate 
the correct way to lift. Squat in front of the 


object keeping it close to the body. Then 


slowly rise to a standing position. The patient 


should never lift with his legs straight. 


Advice to all low-back patients 

Avoid lifting objects from car trunks, 
reaching over furniture to open windows, 
etc. Don't make beds or run the vacuum 
cleaner when the back is "acting up” If the 
patient's job requires repetitive lifting or 
bending, he should follow correct proce- 
dures and periodically take a rest to break 


-up his routine. He may be able to perform 


the work seated or standing with one foot 
resting on a small stool. Perhaps his 
employer can find something different for 
him to do occasionally. If his back con- 
tinues to bother him, he will probably have 
to consider getting a different kind of job. 


as an adjunct in the relief of discomforts associated 
with acute, painful musculoskeletal conditions 


(Methocarbamol,NF) 


750 mg capsule-shaped tablets 


the Robaxin regimen: 
Bed 


Complete bed rest on a very firm mattress 


is usually indicated in the home treat- 
ment of acute low-back discomfort. 
Board 

Have patient insert section of 

12" or 34" plywood between 

mattress and box springs. 

Heat 

The judicious use of moist heat 

is often very beneficial. 


Robaxin-750 can relieve the 
discomforts associated with acute 
musculoskeletal conditions. It is a 
well tolerated agent which can 
provide significant relief, usually 
without serious adverse reactions. 


Indications: 

As an adjunct to rest, physical therapy, and other 
measures for the relief of discomforts associated 
with acute, painful musculoskeletal conditions. The 
mode of action of this drug has not been clearly 
identified, but may be related to its sedative proper- 
ties. Methocarbamol does not directly relax tense 
skeletal muscles in man. 


Contraindications: 
Robaxin is contraindicated in patients hyper- 
sensitive to any of the ingredients. 


Warnings: 

Safe use of Robaxin has not been established 

with regard to ible adverse effects upon fetal 
development. Therefore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential benefits 
outweigh the possible hazards. 


Precautions; 

Safety and effectiveness in children below the age 
of 12 years have not been established. 

It is not known whether this drug is secreted in 
human milk. As a general rule, nursing should not 
be undertaken while a patient is on a drug since 
many drugs are excreted in human milk. Metho- 
carbamol may cause a color interference in certain 
screening tests for 5-hydroxyindoleacetic acid 
(5-HIAA) and vanilmandelic acid (VMA). 


Adverse Reactions: 

Lightheadedness, dizziness, drowsiness, nausea, 
allergic manifestations such as urticaria, pruritus, 
rash, conjunctivitis with nasal congestion, blurred 
vision, headache. fever. 


Dosage and Administration: 

Initial dosage, 2 tablets q.i.d.; maintenance dosage, 

1 tablet q.4h. or 2 tablets t.i.d. 

Six grams a day are recommended for the first 48 

to 72 hours of treatment. (For severe conditions 8 

quee a day may be administered.) Thereafter, the 
osage can usually be reduced to approximately 

4 grams a day. 


A. H. Robins Company, Richmond, Va. 23220 
A-HOBINS 





New DEXC 
Youll fee 


Note finer filaments and amober tighter braid of DEXON “se This ARR the first major _ 
improvement in synthetic absorbable sutures since DEXON was introduced 8 years ie 
(Sutures magnified 35x.) 





99 polyglycolic 
acid suture. 


ifference. 





New DEXON "S" polyglycolic acid suture. 


Now you have every reason 
to stop using catgut. 


All the advantages of the original DEXON suture... 


Minimal tissue reaction. 


Predictable absorption. 


Superior tensile strength. 


Excellent knot security. 


...plus a new handling ease. 
Smoother, easier to tie. 


Smooth passage through tissue. 


Greatly reduced sawing and tissue drag. 


Available in green or beige. 


DEXON® “S” polyglycolic acid suture 
Complete Product Information 


DESCRIPTION DEXON "S" polyglycolic acid Suture- 
Synthetic, Absorbable, USP is a homopolymer of glycolic 
acid, constructed of filaments finer than in original 
DEXON to provide optimal handling properties. The 
sutures are sterile, inert, noncollagenous, nonantigenic, 
nonpyrogenic, flexible, and braided. They are colored 
green to enhance visibility in tissue and are also available 
undyed, with a natural beige color. They are uniform in 
size and tensile strength, but are smaller in diameter than 
other Absorbable Surgical Sutures of equivalent tensile 
strength. 


ACTIONS When DEXON “S” is placed in tissues a 
minimal tissue reaction occurs, which is followed by a 
microscopic layer of fibrous connective tissue which grows 
into the suture material. 


Absorption studies in animals show DEXON "S" to be 
equivalent to original DEXON. Studies in rabbits revealed 
minimal absorption at 7 to 15 days, significant absorption 
at 30 days, and maximum resorption after 60 to 90 days. 


Tensile strength, not being a function of the absorption 
rate, may vary from tissue to tissue, depending in part on 
the rate of hydrolysis. The early tensile strength of 
DEXON “S” is reported to be greater than that of com- 
parable chromic catgut. In animal studies (subcutaneous 
tissue in rats) it has been shown that at two weeks post- 
implantation approximately 55% of the original tensile 
strength of DEXON “S” remains, while at three weeks ap- 
proximately 20% of its original strength is retained. 


INDICATIONS DEXON “S” sutures are indicated 
whenever absorbable sutures and ligatures are employed. 


CONTRAINDICATIONS DEXON “$S” is contrain- 
dicated where extended approximation of tissues under 
strain must be maintained. 


WARNINGS The safe use of this suture in neural tissue 
and in cardiovascular surgery has not been established. 


Under certain circumstances, notably orthopedic 
procedures, immobilization by external support may be 
employed at the discretion of the surgeon. 


Do not resterilize. Discard opened, unused sutures. 


PRECAUTIONS Acceptable surgical practice should be 
followed with respect to drainage and closure of infected 
wounds. 


Knots with DEXON "S" polyglycolic acid Suture must be 
properly placed to be secure. Therefore, place first throw 
in precise position for final knot, using a double loop; tie 
second throw square using horizontal tension; additional 
throws may be used as desired. 


Skin sutures which remain in place for periods of longer 
than seven days may cause localized topical irritation and 
the extended portion of suture may be snipped off after 
five to seven days, as indicated. 

ADVERSE REACTIONS Those reactions that have 
been reported include tissue reaction or inflammation, 
fibrous or granulation tissue, wound separation and 
bleeding, and accumulation of fluid around subcuticular 
stitches. 


DOSAGE AND ADMINISTRATION Use as required. 


HOW SUPPLIED Suturesizes 8-0 through 2 dyed green 
and 7-0 through 2 natural beige. Supplied in cut lengths 
or ligating reels, non-needled or affixed to the various 
DAVIS + GECK ATRAUMATIC® needles or D-TACH® 
removable needles USP in one and three dozen packages. 
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DAVIS*GECK 


American Cyanamid Company 
Pearl River, N.Y. 40965 


- Every day, healthy people 


- leave the hospital- 


carrying resistant staph. 


*Ross, S. et al.: JAMA 229: 1075 (Aug. 19) 1974. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


Combined Prostaphlin* (oxacillin sodium) 
Capsule and Oral Solution (11) PROSTAPHLIN 9/11/75 


For complete information, consult Official Package 
Circular 
Indications: Although the principal indication for oxacillin 
sodium is in the treatment of infections due to penicilli 
nase-producing staphylococci, it may be used to initiate 
therapy in such patients in whom a staphylococcal infec 
tion is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative or- 
ganisms and their sensitivity to oxacillin sodium should 
be performed 
Important Note: When it is judged necessary that treat- 
ment be initiated before definitive culture and sensitivity 
results are known, the choice of oxacillin sodium should 
take into consideration the fact that it has been shown to 
be effective only in the treatment of infections caused by 
pneumococci, Group A beta-hemolytic streptococci and 
penicillin G-resistant and penicillin G-sensitive 
staphylococci. If the bacteriology report later indicates 
the infection is due to an organism other than a penicillin 
G-resistant staphylococcus sensitive to oxacillin sodium 
the physician is advised to continue therapy with a drug 
other than oxacillin sodium or any other penicillinase 
resistant semisynthetic penicillin 
ent studies have reported that the percentage of 
staphylococcal isolates resistant to penicillin G outside 
the hospital is increasing, approximating the high per 
centage of resistant staphylococcal isolates found in the 
hospital. For this reason, it is recommended that a 
penicillinase-resistant penicillin be used as initia! therapy 
for any suspected staphylococcal infection until culture 
and sensitivity results are known 

Oxacillin sodium is a compound that acts through a 
mechanism similar to that of methicillin against penicillin 
G-resistant staphylococci. Strains of staphylococci resis- 
tant to methicillin have existed in nature and it is known 
that the number of these strains reported has been in- 
creasing. Such strains of staphylococci have been ca- 
pable of producing serious disease, in some instances 
resulting in fatality. Because of this, there is concern that 
widespread use of the nenicillinase-resistant penicillins 


staphylococcal strains which are resistant to these 
penicillins 

Methicillin-resistant strains are almost always resistant 
to all other penicillinase-resistant penicillins (Cross- 
resistance with cephalosporin derivatives also occurs 
frequently). Resistance to any penicillinase-resistant 
penicillin should be interpreted as evidence of clinical 
resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more 
than one penicillinase-resistant penicillin is tested against 
the same strain of staphylococcus 
Contraindications: A previous hypersensitivity reaction 
to any penicillin is a contraindication 
Warning: Serious and occasionally fatal hypersensitivity 
(anaphylactoid) reactions have been reported in patients 
on penicillin therapy. Although anaphylaxis is more fre- 
quent following parenteral therapy it has occurred in pa- 
tients on oral penicillins. These reactions are more apt to 
occur in individuals with a history of sensitivity to multiple 
allergens 

There have been well documented reports of individu- 
als with a history of penicillin hypersensitivity reactions 
who have experienced severe hypersensitivity reactions 
when treated with a cephalosporin. Before therapy with a 
penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins 
cephalosporins, and other allergens. If an allergic reac- 
tion occurs, the drug should be discontinued and the pa- 
tient treated with the usual agents e.g., pressor amines 
antihistamines and corticosteroids 
Precautions: Penicillin should be used with caution in 
individuals with histories of significant allergies and/or 
asthma 

The possibility of bacterial and/or fungal overgrowth 
should be kept in mind during long-term therapy. If over- 
growth of resistant organisms occurs, appropriate mea- 
sures should be taken 

As with any potent drug, periodic assessment of organ 
System function, including renal, hepatic, and 
hematopoietic, should be made during long-term 
therapy 

Experience in premature and newborn infants is lim- 
ited. Caution should be exercised in administration of the 
drua to such patients and freauent evaluation of oraan 









z 





Safety for use in pregnancy has not been established 
Adverse Reactions: The hypersensitivity reactions re- 
ported are skin rashes, urticaria, serum sickness and 
anaphylactic reactions. Oral lesions such as glossitis and 
stomatitis have been reported. Fever, eosinophilia, oral 
and rectal moniliasis have also been reported. Hemolytic 
anemia, transient neutropenia with evidence of granulo- 
cytopenia or thrombocytopenia, neuropathy, and neph- 
rotoxicity (Oliguria, albuminuria, hematuria, pyuria, and/or 
cylindruria) are infrequent and usually associated with 
high doses of parenteral penicillin 

In some newborns and infants receiving high doses of 
oxacillin sodium (150 to 175 mg./Kg./day), transient 
hematuria, alouminuria, and azotemia have been encoun- 
tered. Although the causal relationship is not entirely 
Clear, infants and newborns treated with high doses of 
the drug should be observed closely for signs of renal 
impairment 

One patient developed granulocytopenia while receiv- 
ing intravenous oxacillin sodium and vancomycin. The 
blood count returned to normal after both drugs were 
discontinued. Another patient was reported to have 
leukopenia during intravenous therapy with oxacillin 
sodium. These counts were made while the patient was 
moribund. Thrombophlebitis has occurred in a small per- 
centage of patients after intravenous therapy 
Usual Oral Dosage: Adults: 250 to 500 mg. q-4h. or 
q.6h. Children: 12.5 mg./Kg./q.6h. Administer on empty 
stomach for maximum absorptior 
Usual Parenteral Dosage: Adults: 250 to 500 mc. q.4n 
or q.6h. Children: 12.5 mg./Kg./q.6h. Children weighing 
40 Kg. or more should receive the adult dose 

N INFECTIONS CAUSED BY GROUP A BETA- 
HEMOLYTIC STREPTOCOCC! SHOULD BE TREATED 
FOR AT LEAST 10 DAYS TO HELP PREVENT THE OC 
CURRENCE OF ACUTE RHEUMATIC FEVER OR ACUTE 
GLOMERULONEPHRITIS 
Supplied: Capsules—250 and 500 mg. in bottles of 48 
and 100. Injectable—250 mg., 500 mg., 1 Gm., 2 Gm 
and 4 Gm. dry filled vials for IM/IV use. For Oral Solution 
—100 ml. bottles, 250 mg./5 ml. when reconstituted 

A.H.F.S. Category 8:12.16 


| | BRISTOL LABORATORIES 
RRICTNI® Division of Bristoi-Mvers Co 


When dd you last hear 
_ rave reviews? 
for an intraperitoneal 


irrigation agent? 


“We were satisfied that kanamycin was not 
only safe, but also effective in improving 
survival in the presence of peritoneal con- 


- 2 yy 

tamination. — Nelson, J.L., etal.: Symposium on Surgical In- 
fections and Antibiotics, Surg. Clin. of N.A 
55:6, pages 1391-1395, (December) 1975 


“Kanamycin has been employed in 128 
patients at the time of operation for intra- 
peritoneal contamination of various types. 
There has been no evidence of toxicity 


from this use of kanamycin.” 
— Cohn, l., Jr., and Cotlar, A.M.: Ann. Surg. 155:532 (Apr.) 1962. 


"Wider usage of intraperitoneal kanamycin 
is advocated when intraperitoneal antibi- 


otic therapy is indicated. ”— conn, i., Jr., and Cotlar, 
A.M.: Ann. Surg. 155:532 
(Apr.) 1962. 


“Immediate operative use of intraperi- 
toneal antibiotic treatment has lowered 
the incidence of complications and mor- 


tality by 4296." . Ciowes,G.H.A.:Forum on Peritonitis, Mod. 
Med.40:153 (Apr. 17) 1972. 


...Our Choice at the operating table is kana- 


> y 
MYCIN... —Cliowes, G.H.A.: Forum on Peritonitis, Mod. Med. 
40:153 (Apr. 17) 1972. 


“Intraperitoneal kanamycin therapy is 
strongly advocated for any patient with 


Á PAP. 99 
peritonitis. —Divicenti, F.C., and Cohn, I., Jr.: Am. Journ. 
Surg. 111:1, pages 147-153, (June) 1965. 


“In peritonitis, intraperitoneal administra- 
tion of kanamycin can be recommended..." 


— Pissiotis, C.A., et al.: Surg. Gynecol. Obstet. 134:995 (June) 1972. 


Kantrex 
KANAMYCIN SULFATE 


aknown © 


NDC 0015-3503-20 
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iMEHMISTOL LABNUNRATORNIE:? 
BRIS i OL Div. of Bristol Myers Company 
syracuse, New York 14201 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 
Combined Kantrex” Injection 

and Pediatric Injection 

(kanamycin sulfate injection) 

(13) 2/28/78 

Forcompleteinformation, consult OfficialPackage Circular 
WARNING: 

The major toxic effect of parenterally administered kana- 
mycin sulfate is its action on the auditory portion of the 
eighth nerve. High frequency deafness usually occurs 
first and can be detected by audiometric testing. Tinnitus 
or EN may occur and are evidence of vestibular in- 
jury and impending bilateral irreversible deafness 


In patients with impaired kidney function, the risk of 
severe ototoxic reactions and permanent deafness is 
sharply increased. In such cases, the daily dosage should 
be reduced and the interval between doses lengthened. 
If there is evidence of progressive renal dysfunction 
(increasing NPN, BUN, creatinine or oliguria) during 
therapy, audiometric tests are advised and discontinua- 
tion of the drug should be considered. 


Older patients and patients receiving a total dgse of more 
than 15 Gm. of kanamycin sulfate should be carefully 
observed for signs of eighth nerve damage 


infants and children generally tolerate the drug well: and 
when the recommended precautions are followed, the 
incidence of toxic reactions is low 


Neuromuscular paralysis with respiratory depression 
may occur when kanamycin sulfate is administered intra- 
peritoneally concomitantly with anesthesia and muscle- 
relaxing drugs. Although there have been isolated reports 
of respiratory depression following intraperitoneal in- 
stillation of kanamycin, there is no conclusive proof that 
this side effect can be produced with recommenced 
doses of the drug 


The concurrent systemic use of other ototoxic and/or 
nephrotoxic drugs, particularly streptomycin, polymyxin 
B, polymyxin E (colistin), neomycin, gentamicin, and 
viomycin Should be avoided 


The administration of kanamycin sulfate and rapid acting 
diuretic agents, e g. ethacrynic acid, furosemide, meral- 
luride sodium, sodium mercaptomerin, and mannitol 
(particularly when the diuretic is given intravenously) 
may Cause irreversible deafness. Concurrent use of these 
agents should be avoided. (See “Adverse Reactions") 


Usage in Pregnancy 

Safety of this drug in human pregnancy has not been 
established 

CONTRAINDICATIONS: 

A history of hypersensitivity to the drug. Prior auditory 
damage by kanamycin or other potentially ototoxic agents 
may be a contraindication if effective, alternative therapy 
is available 

THIS DRUG IS NOT INDICATED IN LONG-TERM THER- 
APY (eg. Tuberculosis) BECAUSE OF THE OTOTOXIC 
HAZARD WITH EXTENDED ADMINISTRATION 

WARNING: 

See "Warning" box above 

PRECAUTIONS: 

Obtain audiograms before and during therapy in patients 
with renal dysfunction when treatment lasts more than 5 
days. Stop Kantrex if tinnitus or hearing loss occurs. 
Hydrate patients to prevent chemical irritation of the 
renal tubules. Assess renal function periodically, both 
before and during therapy. If signs of renal irritation 
occur (casts, cells, proteinuria), increase hydration and 
reduce the dosage or the frequency of dosage if neces- 
sary. In azotemic patients, the frequency (in hours) of 
doses may be obtained by multiplying the serum cre- 
atinine by 9. If azotemia or oliguria occurs, discontinue 
therapy. Mycotic or bacterial superinfection may occur 
ADVERSE REACTIONS: 

Nephrotoxicity — albuminuria, presence of white and red 
cells, granular casts, azotemia and oliguria have been 
reported 

Ototoxicity — see box warning 

Irritation or pain at the injection site, skin rash, drug 
fever, headache and paresthesias 

DOSAGE AND ADMINISTRATION: 

The usual dose is 7.5 mg./Kg./12 hours I.M. or I. V. The 
average adult dose is 1 Gm. daily. The maximum adult 
total daily dose should not exceed 1.5 Gm. by all routes 
of administration and the total amount administered 
should not exceed 15 Gm 


The intravenous route is used only if intramuscular ad- 
ministration is not feasible. The 500 mg. dose is added 
to the 200 ml. of sterile diluent and administered 60 to 
80 drips/minute 
When used as intraperitoneal instillation, the above dose 
is diluted in 20 ml. of sterile diluent. If possible, in- 
Stillation should be postponed until after patient is fully 
recovered from effects of anesthesia and muscle-relaxing 
drugs 
As aerosol treatment, 250 mg. of Kantrex is diluted with 
3 ml. of physiological saline and nebulize 
Kantrex Injection in concentrations of 0.25 per cent (2.5 
mg./ml.) has been used satisfactorily as an irrigating 
solution in abscess cavities, pleural spaces, peritoneal 
and ventricular cavities 
SUPPLIED: 
Rubber capped vials as a ready-to-use sterile aqueous 
solution in two concentrations 
KANTREX INJECTION (kanamycin sulfate injection) 

NDC 0015-3502-20 — 500 mg. per 2 ml 

NDC 0015-3502-24 — Papeete Syringe (500 mg. per 

m 


NDC 0015-3503-20 — 1.0 Gm. per 3 ml. 
KANTREX PEDIATRIC INJECTION (kanamycin sulfate in- 
Jection) 

NDC 0015-3512-20 — 75 mg. per 2 ml 
(activity assayed as kanamycin base) 
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METABOLIC SURGERY °/4 


Edited by HENRY BUCHWALD, M.D., Ph.D. and 
RICHARD L. VARCO, M.D., Ph.D. 


Metabolic Surgery provides an authoritative, up-to-date 
overview of an emerging field which the editors believe 
will be the next significant phase of surgical progress. The 
first chapter is.concerned with the management of peptic 
ulcer disease and focuses on operative procedures for 
the amelioration of the physiological and biochemical 
environment responsible for the ulcer diathesis. Subse- 
quent chapters deal with metabolic procedures in the 
gastrointestinal tract, metabolic consequences of pan- 
creatic and splenic surgery, portacaval shunt procedures, 
extirpation of normal endocrine glands, transplantation 
for metabolic diseases, and neurosurgical operations. The 
book concludes with novel and extraordinary applications 
of electromagnetic fields in orthopedics. 


1978, 336 pp., 84 illus., $29.50/ £19.15 
ISBN: 0-8089-1077-9 


TRAUMA TO THEHEART 
AND GREAT VESSELS 


By PANAGIOTIS N. SYMBAS 


Written with the Editorial Assistance of Robert C. Schlant, 
M.D., and with a foreword by C. Rollins Hanlon, M.D., 
F.A.C.S. 


CONTENTS: Introduction. Initial General Patient Man- 
agement. Cardiac Tamponade. Penetrating Wounds of the 
Heart. Contusion of the Heart. Traumatic Injury of the 
Pericardium. Rupture of the Heart. Traumatic Ventric- 
ular Septal Defect. Traumatic Cardiac Valve Injury. 
Traumatic Aneurysm of the Heart. Coronary Artery In- 
juries. Projectiles of the Heart and Great Vessels. Pene- 
trating Wounds of the Great Vessels. Traumatic Rupture 
of the Aorta. 


1978, about 240 pp., 16 illus., about $24.00/ £15.60 
ISBN: 0-8089-1099-X 


CANCER MANAGEMENT 


By WALTER LAWRENCE, JR., M.D., and 
JOSE J. TERZ, M.D. and Contributors 


CONTENTS: Cancer Management—General Concepts. 
Principles and Techniques of Chemotherapy. Principles 
and Techniques of Immunotherapy for Cancer. Prin- 
ciples and Techniques of Radiation Therapy, T. A. 
Hazra. Management of Head and Neck Cancer. Manage- 
ment of Cancer of the Lung and Mediastinum. P. C. 
Adkins and L. T. Bowles. Management of Breast Can- 
cer. Management of Gastrointestinal Cancer. Manage- 
ment of Lymphomas. Management of Skin Cancer, Mel- 
anomas, and Sarcomas. Management of Genitourinary 
Cancer, W. Koontz, Jr. and M. J. Vernon Smith. Man- 
agement of Gynecological Cancer, H. R. K. Barber and 
T. Kwon. Management of Pediatric Solid Tumors, H. 
M. Maurer and N. B. McWilliams. Neoplasms of the 
Endocrine Glands, H. H. Newsome, Jr. The Advanced 
Cancer Patient. Cancer Management—Future Prospects. 
1977, 576 pp., illus., $38.50/ £27.35 

ISBN: 0-8089-0985-1 


Send payment with order and save postage and handling 
charge. Prices are subject to change without notice. 


U.S. customers please note: On prepaid orders—payment will 
be refunded for titles on which shipment is not possible 
within 120 days. 
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*Indications: Based on a review of this 
| drug by the National Academy of 
Sciences— National Research Council 
and/or other information, FDA has 
classified the indicationsasfollows: 

“Possibly” effective for the relief of 
moderate to moderately severe pain in 
those situations where the physician 
wishes to add a mild sedative effect 

Final classification of the less-than- 
effective indications requires further 
investigation | 


Contraindications: Hypersensitivity to 
dihydrocodeine, promethazine, aspirin, 
phenacetin 

rings: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or coagulation abnormalities. Drug 
Dependence: Dihydrocodeine can produce 
drug dependence of the codeine type and 
therefore has the potential of being 
abused. Psychic dependence, physical de- 
pendenceand tolerance may develop upon 
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half the problem 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain? 

Synalgos-DC contains dihydro- 
codeine, a semi-synthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
(ui t status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 


ves of the problem 


gos-DC 


Drocode ( dry eine) bitartrate 16.0 mg. (Warning: May 
be habit-forming); Promethazine hydroc Woride 6.25 mg.; 
Aspirin 194.4 mg.; Phenacetin 162.0 mg.; Caffeine 30.0 mg 
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repeated administration of dihydroco- 
deine, and it should be prescribed and 
administered with the same degree of 
caution appropriate to the use of other 
oral narcotic-containing medications. 

Like other narcotic-containing medico- 
tions, dihydrocodeine is subject to the 
provisions of the Federal Controlled 
Substances Act. Usage in Ambulatory 
Patients: Dihydrocodeine and prometha- 
zine may impair the mental oA physi- 
cal abilities required for the performance 
of potentially hazardous tasks such as 
driving a car or operating machinery. The 
patient using Synalgos-DC should be cau- 
tionedaccordingly. Interactions with other 
Central Nervous Dui Depressants: Po- 
tients receiving other narcotic analgesics, 
general anesthetics, other phenothiazines, 
tranquilizers, sedative-hypnotics or other 
CNS depressants (including alcohol) con- 
comitantly with Synalgos-DC may exhibit 
an additive CNS depression. When such 
combined therapy is contemplated, the 


dose of one or both agents should be re- 
duced. Patients who have demonstrated 
a hypersensitivity reaction (e.g. blood 
dyscrasia, jaundice) with a phenothiazine 
should not be re-exposed to any pheno- 
thiazine, including Synalgos-DC, unless in 
the judgment of ‘the physician the poten- 
tial benefits of the treatment outweigh 
the possible hazards. Usage in Pregnancy: 
Reproduction studies have not been per- 
formed in animals. There is no adequate 
information on whether this drug may 
affect fertility inhuman males and females 
or has a teratogenic potential or other 
adverse effect on the fetus. Usage in 
Children: Since there is no experience in 
children who have received this drug, 
safety and efficacy in children have not 
been established. Precautions: Phenacetin 
has been reported to damage kidneys 
when taken in large amounts for a long 
time. Promethazine should be adminis- 
tered cautiously to patients with cardio- 
vascular or liver disease. Synalgos-DC 


should be given with caution to certain 
patients such as the elderly or debilitated, 
and those with hypothyroidism, Addison's 
disease and prostatic hypertrophy and 
urethal stricture. Adverse Recon: The 
most frequentlyobservedreactions include 
lightheadedness, dizziness, drowsiness, 
sedation, nausea, vomiting, constipation, 
pruritus, skin reactions, and rarely, hypo- 
tension. Drug Interactions: The CNS de- 
pressant effects of Synalgos-DC may be 
additive with that of other CNS depres- 
sants.See Warnings. Aspirin may enhance 
the effects of anticoagulants and inhibit 
the uricosuric effects of uricosuric agents. 
Consult direction circular before 
prescribing. 
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Medullary Thyroid Carcinoma: 


Relationship of Method of Diagnosis to Pathologic Staging 


SAMUEL A. WELLS, JR., M.D., STEPHEN B. BAYLIN, M.D.," DONALD S. GANN, M.D., RUTH E. FARRELL, R.N., 
WILLIAM G. DILLEY, PH.D., SANDRA H. PREISSIG, M.D., W. MARSTON LINEHAN, M.D., CARY W. COOPER, PHD. 


Medullary thyroid carcinoma (MTC) develops in virtually all 


patients affected with multiple endocrine neoplasia type H 
(MEN ID, a disease inherited as an autosomal dominant trait. 
The thyroid tumor cells secrete calcitonin (CT) and the de- 
tection of elevated plasma levels (72300 pg/ml) of this hormone 
in MEN II kindred members strongly suggests the presence of 
MTC even though it may not be evident clinically. Intra- 
venously administered calcium ion (Ca**) and pentagastrin 
(Pg) are potent CT secretagogues which are of particular value 
in establishing the early diagnosis of MTC. In evaluating seven 
kindreds with MEN H, we detected 90 patients with MTC. De- 
pending on the method of diagnosis, they could be divided 
into three categories: Group 1; patients with no clinical evi- 
dence of MTC whose undetectable basal plasma calcitonin levels 
became elevated following intravenous Ca** or Pg, Group 
II; patients with no clinical evidence of MTC who had elevated 
basal plasma CT levels, and Group III; patients with clinically 
evident MTC. At the time of diagnosis of MTC, the patients 
in Group I were younger (20.5 + 1.9 years) than the patients 
in Group H (32.5 + 4.7 years, p < 0.005) and Group III 
(34.3 + 2.0, p < 0.00005). The incidence of residual MTC, as 
indicated by an elevated plasma CT level following provocative 
testing postoperatively, was less frequent in patients diagnosed 
biochemically ([6/34]; Group I, 4/26 and Group II, 2/8) than in 
those diagnosed clinically (Group III, 15/26, p < 0.002). 
Furthermore, regional nodes were involved less often in pa- 
tients diagnosed biochemically ([5/28]; Group I, 2/22 and Group 
II, 3/6) than in those diagnosed clinically (Group III, 15/24, 
p « 0.02). Distant metastases were only evident in Group III 
patients. Patients with MEN II who had the diagnosis of MTC 
established biochemically rather than clinically, had a more 
favorable pathological stage of disease at the time of thy- 
roidectomy. This was especially true if the biochemical 
diagnosis had been by provocative testing. 
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ULTIPLE ENDOCRINE NEOPLASIA type II (MEN 

ID is a disease inherited as an autosomal dominant 
trait and characterized by the concurrence of medullary 
thyroid carcinoma (MTC), pheochromocytoma(s) and 
parathyroid hyperplasia. Genetically, there appears to 
be complete penetrance but variable expressivity. The 
medullary thyroid carcinoma usually develops first, 
and is present in virtually 100% of patients affected 
with MEN II, whereas parathyroid hyperplasia occurs 
in approximately 60% of patients, and pheochromocy- 
toma(s) in 40%.* The thyroid tumor cells secrete the 
hormone calcitonin (CT), and elevated plasma levels 
(>300 pg/ml) of this polypeptide, either basally or fol- 
lowing the intravenous administration of various pro- 
vocative agents,?9-7? strongly suggests the presence of 
MTC even though the patient's thyroid gland may be 
normal to palpation and radionuclide scanning. Al- 
though sensitive ‘‘provocative tests” for tumor detec- 
tion are available, it remains to be demonstrated that 
patients diagnosed biochemically have a more favor- 
able pathological stage of disease than do those de- 
tected by clinical means. In the present study, an at- 
tempt was made to resolve this issue. 


Materials and Methods 
Patient Population 


Our evaluation of patients with multiple endocrine 
neoplasia type II began ten years ago, and initially 
was limited to a single large kindred. Our study has 
since expanded and now includes six additional kin- 
dreds, and a total of 90 patients with MEN II. Most 
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of the data included in the present report concerns 
60 new cases of MEN II diagnosed during the last 
six years. 

Clinical evaluation, provocative testing, treatment 
and follow-up have been performed either at the Duke 
University Mecical Center, Durham, North Carolina, 
the Johns Hopkins Hospital, Baltimore, Maryland, or 
the National Institutes of Health, Bethesda, Maryland. 


Patient Evaluation and Method of Diagnosis 


When patients were first seen, a history and physical 
examination were performed. À 24 hour urine was col- 
lected for determination of catecholamines, vanil- 
lyImandelic acid, metanephrine and normetanephrine. 

During our evaluation of MEN II kindreds, the 
method of provocative testing for MTC has changed. 
Initially, we used the intravenous administration of 15 
mg Cat*/kg/4 hours. It was subsequently shown that 
the intravenous administration of Pentagastrin (Pg); 
(Peptavilon®, Ayerst) in a dose of 0.5 ug/kg/5 
seconds produced a greater increase in plasma CT more 
quickly than did the four hour calcium infusion.?'* We 
have recently shown,!? however, that the most ef- 
fective provocative test and the one currently used by 
our group consists of the intravenous administration 
of calcium gluconate (2 mg Ca*t/kg/1 minute) fol- 
lowed immediately by an injection of Pentagastrin 0.5 
ug/kg/5 seconds. Plasma samples were obtained before 
and at one, two, three, five and ten minutes after the 
Pg injection. Peak calcitonin levels usually occurred 
within three minutes. 

All subjects were tested in the fasting state. Blood 
was immediately chilled at 4? and the plasma separated 
and stored frozen. Plasma calcitonin levels were de- 
termined by a radioimmunoassay method previously 
described in detail. +249 


Interpretation of Provocative Testing 


Almost all normal subjects have plasma CT levels 
below 250 pg/ml even following Ca** or Pg infusion. 
Patients with plasma CT values exceeding 300 pg/ml 
are suspect for having MTC, especially if they are 
members of an MEN II kindred and at risk. Whereas 
we formerly tested children ten years of age and 
older, we now initiate screening as early as five years 
of age with the parents' consent. This is primarily be- 
cause we have recently detected MTC in three chil- 
dren, ages seven, seven and eight. Testing is per- 
formed annually in all kindred members at risk, and 
also in those patients who have undergone thyroidec- 
tomy for MTC. 


Surgery 


In patients with MTC, it was essential to exclude 
the presence of a pheochromocytoma prior to neck 
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exploration. The medullary thyroid carcinoma was 
managed by total thyroidectomy and resection 
of lymph nodes in the central portion of the neck from 
the hyoid bone to the sternum and laterally to the 
jugular veins. The parathyroid glands were auto- 
grafted if their viability were questionable or if they 
were enlarged. A lymph node dissection was per- 
formed when metastatic disease was apparent in the 
lateral neck. 


Evaluation of Clinical and Pathologic Parameters | f 


Age at the time of diagnosis. The age (mean + stand- 
ard error of the mean) of the 90 patients in Groups I 
(32 patients), II (8 patients) and III (50 patients) was de- 
termined and differences between groups compared 
statistically by Student's t-test. 

Evaluation of plasma calcitonin levels in the post- 
operative period. Twenty-six patients in Group I, eight 
patients in Group II and 26 patients in Group III were 
evaluated postoperatively with provocative testing, and 
peak plasma calcitonin levels were measured. In each 
group, the frequency of elevated calcitonin levels was 
determined and the differences between groups com- 
pared statistically by the Fisher exact probability test. 

Relationship of tumor size to preoperative basal cal- 
citonin levels. Tumor volumes (in cm?) were determined 
in 27 patients in Group I, seven patients in Group II 
and 16 patients in Group III. In patients with *'C-cell 
hyperplasia" (CCH) the tumor volume was estimated 
to be «0.02 cm.? Patients with known metastases were 
excluded from evaluation. Tumor size was plotted as a 
function of the preoperative basal calcitonin level and 
the points evaluated by regression analysis with com- 
putation of correlation coefficients. 

Evaluation of postoperative stimulated plasma cal- 
citonin levels in patients with regional and distant 
metastatic disease. Regional (cervical) lymph nodes 
resected at thyroidectomy were evaluated for metastatic 
MTC in 22 patients in Group I, 6 patients in Group II 
and 24 patients in Group III. Peak plasma calcitonin 
levels following postoperative provocative testing were 
also determined in these patients and compared. The 
incidence of node positivity in each group was de- 
termined and the differences between groups compared 
statistically by the Fisher exact probability test. Also, 
the presence of distant metastases was assessed. 


Results 


Two hundred and eighty-nine members of seven 
kindreds with MEN II were evaluated and MTC was 
diagnosed in 90. When new families were screened, 
all stages of MTC would usually be found, ranging 
from clinically detectable disease to that evident only 
by provocative testing. Those patients without clinically 
apparent MTC whose undetectable basal CT levels be- 
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came elevated following provocative testing (Ca**, Pg, 
or both) were designated Group I. Patients without 
clinical evidence of MTC who had elevated basal plasma 
CT levels were designated Group II. Patients with 
clinically evident MTC were termed Group III. 


Age of Onset of MTC 
The age at which MTC was diagnosed in the 90 pa- 


: tients with MEN II is shown in Figure 1. The age 


i 


: range of-the 32 patients in Group I was from seven to 


44 years. The mean age was 20.5 + 1.9 years. The 
8 patients in Group II ranged in age from 15 to 58 
years. The mean age was 32.5 + 4.7 years. The 50 pa- 
tients in Group III ranged in age from 14 to 70 years; 
the mean age was 34.3 — 2.0 years. The patients in 
Group I were significantly younger than the patients 
in Group II (p « 0.005), and the patients in Group III 


. (p < 0.00005). There was no significant age difference 


between the patients in Groups II and III. 

In Group I, C-cell hyperplasia (CCH), the prema- 
lignant manifestation of MTC," was present in 11 (34%) 
of the 32 patients evaluated. Although it occurred pre- 
dominantly in the younger patients, it was present in 
the two oldest members of this group. Ten (31%) of 
the 32 patients in Group I were below 15 years of age 
at the time of diagnosis. Conversely, no patient in 
Group II and only one patient in Group III was younger 
than 15 years of age at diagnosis. 
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Fic. 1. Age at which MTC was diagnosed in 90 patients. The char- 
acterization of Groups I, IJ and III is described in the text. Each 
circle represents one patient. The triangles in Group I denote pa- 
tients with C-cell hyperplasia. 
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Fic. 2. Stimulated Plasma calcitonin levels in pg/ml (x10?) follow- 
ing provocative testing in the postoperative period. Groups I, II 
and III are described in the text. Each circle represents one pa- 
tient. The triangles in Group I denote patients with C-cell hyper- 
plasia. 


In Group I, 26 (81%) of 32 patients had elevated 
CT levels diagnostic of MTC when first tested. Five 
(16%) patients were negative when first tested, but had 
elevated CT levels one year subsequently. One (3%) 
13-year-old patient with undetectable plasma CT levels 
for two successive years had elevated levels the third 
year. Seven (8896) of the eight patients in Group II 
had elevated basal CT levels at their initial examina- 
tion. One patient (12.5%), however, had not been tested 
since two years previously when plasma CT levels were 
undetectable following provocation. All patients in 
Group III had clinically apparent disease at their initial 
examination. Elevated basal plasma levels of CT were 
detected in all of 46 patients evaluated. 


Evaluation of Plasma Calcitonin Levels in the Post- 
operative Period 


Probably the most sensitive indicator of curative 
thyroidectomy for medullary thyroid carcinoma is the 
level of plasma calcitonin following provocative testing 
postoperatively. As noted in Figure 2, four (15%) of 26 
patients in Group I, two (25%) of 8 patients in Grotip 
II, and 15 (58%) of 26 patients tn Group III had ele- 
vated levels of plasma calcitonin (7300 pg/ml) follow- 
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TABLE 1. Stimulated Plasma Calcitonin Levels Postoperatively 


One Week One Year 

— Positive 

+ — + — Conversion 
Group I l 14 l 14* I (5 yr) 
Group II 0 4 0 4* 1 (3 yr) 
Group III 9 9 9 9* 1 (5 yr) 


* The incidence of elevated calcitonin levels in patients in Groups 
J, H and II tested at one week after thyroidectomy and also at 
one year subsequently. 


ing postoperative provocative testing. The mean time 
of evaluation after surgery was 10.4 3 months in 
Group I, 10.4 + 6.5 months in Group II, and 11.6 + 2.8 
months in Group III. Although there was no significant 
difference in the times following surgery at which the 
different groups were tested, there was a significant 
difference in the incidence of elevated calcitonin levels: 


Group I compared to Group III (p < 0.002), and Group ` 


I and Group II combined compared to Group III 
(p « 0.002). There was no significant difference, how- 
ever, when comparing Groups I and II (p « 0.3) or 
when comparing Groups II and III (p « 0.09). 

A further comparison was made of 15 patients in 
Group I, four patients in Group II, and 18 patients in 
Group III who were evaluated one week postoperatively 
and again one year later (Table 1). Some of these pa- 
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tients were also evaluated subsequent to one year. Of 
the 15 patients in Group I, only one had elevated CT 
levels in the immediate postoperative period. This pa- 
tient also had elevated plasma CT levels at one year. 
None of the remaining 14 patients in Group I had ele- 
vated plasma CT levels, either immediately post- 
operatively or one vear following surgery. However, 
one patient developed a minimally elevated plasma cal- 


citonin level (70.40 ng/ml) following provocative test- . 


ing five years postoperatively. Of the four patients in 
Group II, none was positive in either the immediate 
postoperative period or at one year. One patient, how- 
ever, developed a minimally elevated plasma calcitonin 
level (0.56 ng/ml) following provocative testing three 
years postoperatively. Of the 18 patients in Group III, 
nine had elevated calcitonin levels with provocation 
immediately after thyroidectomy. All nine of these pa- 
tients had elevated plasma CT levels one year later. 
One of the nine patients with negative CT levels at 
one week and one year postoperatively developed a 
positive calcitonin following provocative testing five 
years later. 

Thus, it appears that the stimulated plasma CT level 
in the immediate postoperative period is an indicator 
of whether or not surgery has been curative. Obviously, 
a larger number of patients will have to be evaluated 
over a longer time period before the reliability of this 
postoperative evaluation is clear. 


Fic. 3. Correlation of tumor 
size to preoperative basal 
calcitonin levels. The cal- 
citonin levels are in pg/ml 
x 10°. The tumor size is in 
cm?, The closed circles and 
the closed triangles repre- 
sent patients in Group I. The 
closed triangles denote pa- 
tients with C-cell hyper- 
plasia. The open circles 
represent patients in Group 
Il and the closed squares pa- 
tients in Group III. 
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* Correlation of Tumor Size to Preoperative Basal 
Calcitonin Levels 


^^ The relationship between tumor size (in cm?) and 
basal plasma calcitonin levels was plotted for patients © 


in Group I, II and III (Fig. 3). A significant positive cor- 
relation was noted (correlation coefficient r? — 0.64, 
p < 0.01), thus demonstrating a direct relationship 
between tumor size and basal calcitonin levels. Gen- 
-erally patients in Group I had smaller tumors than pa- 
` tients in Group II and patients in Group III. 


Incidence of Regional Node Positivity and Distant 
Metastatic Disease | 


As shown in Figure 4, of patients in Group I, nodes 
were evaluable in 22, and metastatic involvement was 
^" noted in two (9%) patients. Only one of these patients 
had an elevated leve! of plasma calcitonin (770 pg/ml) 


x 7 following provocation postoperatively. Of the eight pa- 
-*tients with C-cell hyperplasia, none had evidence of 


nodal metastatic disease. Of patients in Group II, six 
had resected lymph nodes evaluated and metastatic 
deposits were noted in three (50%) patients. Two of 
- these three patients had elevated plasma CT levels fol- 
lowing provocation postoperatively, while the third pa- 
tient did not. 

Of patients in Group III, 24 had lymph nodes eval- 
uated at the time of thyroidectomy, and metastatic 
disease was documented in 17 (7196). Of the patients 
with positive nodes, distant metastases were present in 
eight, and all but one had calcitonin levels above 
10,000 pg/ml following provocation postoperatively. In 
six of the eight patients, distant metastatic disease 
was evident at the time of the initial neck exploration. 
There was a significant difference in the incidence of 
node positivity when comparing Group I to Group III 
(p « 0.005), but not when comparing Group I to Group 
II (p « 0.08) or Group II to Group III (p « 0.34). 


Discussion 


It is generally assumed that the early diagnosis and 
treatment of cancer are associated with a low incidence 
of tumor recurrence and prolonged survival. This is not 
universally so, however, for in some malignancies, 
metastases occur early before the primary tumor is evi- 
dent clinically. It is unusual that the oncologist is able 
to detect malignancy preclinically; however, such is 


.- possible with the MTC in patients with MEN II. This 


is primarily because the marker hormone, calcitonin, 
is secreted by the medullary thyroid tumor cells and 
its concentration in plasma can be determined by radio- 
immunoassay. Furthermore, various agents,?5~%9 
: especially Ca++ and Pg stimulate CT release from MTC 
cells, thus increasing plasma levels and thereby the 
diagnostic sensitivity of the CT assay. 
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Fic, 4. Incidence of regional node positively and distant metastatic 
disease in patients of Groups I, II and III. Calcitonin is expressed 
in pg/ml x10? and Groups I, II and III are described in the text. 
The open circles represent patients with metastases to regional 
lymph nodes. The closed circles represent patients with histologically 
uninvolved nodes. The closed triangles in Group I represent pa- 
tients with C-cell hyperplasia and the open triangles in Group III 
represent patients with distant metastatic disease. 


We evaluate and test all MEN II kindred members 
on an annual or semiannual basis. If a family mem- 
ber is found to have a plasma calcitonin level exceeding 
1000 pg/ml, either basally or following provocative test- 
ing, total thyroidectomy is advised. If the plasma CT 
level is less than 300 pg/ml with provocative testing, 
the subject is re-evaluated in one year. In those in- 
dividuals whose plasma CT levels are between 300— 
1000 pg/ml, a catheter 1s placed transfemorally into the 
inferior thyroid vein and CT levels are again de- 
termined following provocation. Inferior thyroid véin 
plasma CT values exceeding 1000 pg/ml are virtually 
diagnostic of MTC or CCH since plasma CT levels 
exceeding 600 pg/ml rarely occur in unaffected sub- 
jects.? 

Previously, we only tested children older than ten 
years of age. During the past year, however, we have 
diagnosed MTC in eight children under ten years of 
age; currently it is our policy to initiate provocative 
testing at five years with the parents' consent. 

In contrast to patients in Group III, those in Group 
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I were younger and had smaller primary tumors. 
Furthermore, Group I patients rarely had metastases to 
regional nodes or elevated plasma CT levels follow- 
ing thyroidectomy whereas Group III patients com- 
monly did. 

It is of interest that C-cell hyperplasia, the pre- 
malignant counterpart of MTC, was present exclusively 
in Group I patients. Even though it occurred pre- 
dominantly in the younger patients, it also was de- 
tected in two 40-year-old patients. 

Little can be said about the effect of early diagnosis 
on survival as the period of follow-up has been short. 
Generally, the clinical progression of MTC is rapid in 
patients with sporadic MTC. It is especially virulent in 
patients with MEN IIb, the variant of MEN II char- 
acterized bv MTC, pheochromocytoma(s) and mucosal 
neuromas. Conversely, the MTC in patients with MEN 
II appears to have a variable rate of progression. The 
tumor is usually indolent, and in our experience even 


though patients have metastatic disease, they usually | 


remain asymptomatic and clinically stable for years. 
Uncommonly, however, the disease is extremely ag- 
gressive leading to death within a year or two of 
diagnosis. 

The physician and surgeon should not be lulled into 
a sense of indifference when managing subjects from 
MEN II kindreds. It is imperative to initiate a pro- 
gram of provocative testing, especially in young chil- 
dren, so that MTC can be diagnosed at an early stage 
when treatment appears to be curative. 


DISCUSSION 


PROFESSOR IvAN D. A. JOHNSTON (Newcastle, England): The 
calcitonin stimulation test presented by Dr. Wells is really a very sig- 
nificant advance and we can begin to apply it. 

It is easy to pick up familial cases. I think it is important, how- 
ever, for those of us who do not see many cases to realize that 
only about 5% of all our thyroid cancers will be medullary on 
histological examination, and it will only be in Hen patients 
that the test will be of most value. 

I would like Dr. Wells to comment on the fact that sporadic 
cases of multiple endocrine adenopathy Type II seem to be almost 
as common as the familial form of the disease that he was dis- 
cussing with'us today. It is in these cases that the test can be of 
value, i.e., patients with mucosal neuromas, pheochromocytomas 
etc. The application of the test in these sporadic cases will 
help to confirm medullary cancer before clinical signs develop. 
It is, however, difficult to decide exactly which possible cases of 
the sporadic type of disease we should investigate. 

There was a suggestion in the presentation that distant 
metastases were present in some cases where the postoperative 
test was negative and all the nodes were free of tumor. This sug- 
gests that distant metastases may be indolent for many years. 

One of the patients in our series was identified following the 
resection of a pheochromocytoma, when a liver metastasis was 
found. The subsequent calcitonin stimulation test was positive. 
It has taken nine years in this particular patient for a palpable 
nodule to develop, and the calcitonin stimulation test, using cal- 
` cium, has remained similar in its response throughout this nine- 
year period. 
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How often would Dr. Wells advise us to use this test in our 
routine postoperative follow up? 


Dr. MELVIN A. Brock (Detroit, Michigan): Our experience 
with medullary thyroid carcinoma corresponds, for the most part, 
with that so precisely provided for us by Dr. Wells and his col- 
leagues. It is worthwhile to critically assess the value of early 
diagnosis, although logic implies a better outlook for disease recog- 
nized early in its inception. 

In our patient population we have observed a significant dif- 
ference in the extent of the hereditary variety of medullary thyroid 
carcinoma when the primary lesions in the thyroid are not palpable 
(less than 3 mm diameter or at stage of C-cell hyperplasia) at 
operation (Slide). The diagnosis in these patients is established 
by an elevated serum calcitonin level. Thus, for 23 patients 
without a palpable thyroid nodule, all but one patient (96%) have 
had normal serum calcitonin levels postoperatively, even though a 
regional neck dissection for metastases was performed for only 
one of these patients. In contrast, of 16 patients with palpable 
primary lesions, only two (12.595) have had normal serum calcitonin 
levels postoperatively, even though lateral neck dissections were 
performed to remove metastases for 1] patients. 

In further contrast and differing from the report by Dr. Wells, 
for our 19 patients with sporadic medullary thyroid carcinoma 
detected only by a palpable and large thyroid nodule, 10 (5396) 


have had normal serum calcitonin levels postoperatively even | 


through lateral neck dissections for lymph node metastases were 
performed for 12. It is to be recalled also that the sporadic variety 
of medullary thyroid carcinoma has usually been recognized at an 
older age than the hereditary variety. 


- 


Ll 
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Thus, we have followed the policy of omitting lateral cervical 
lymph node dissections if the patient with hereditary medullary 
thyroid carcinoma, Operated only on the basis of an elevated 


“~~ serum calcitonin level, is not found to have a palpable thyroid 


lesion at operation and a mid-jugular lymph node is negative for 
metastasis. In such patients, only slight elevations of serum 
calcitonin have usually been present preoperatively, even with the 
use of provocative agents. Each side of the neck is individualized 
in these considerations. This policy is supported by postoperative 
tests with provocative agents which are now so sensitive that col- 


* lections of a few cells of medullary thyroid carcinoma, evident 
-only microscopically, can be detected. The great importance of 
_ this is that earlier detection not only can permit a greater 


chance for "cure" but also a reduced extent of operation. 

Only time will determine the overall lifesaving value of early 
detection of medullary thyroid carcinoma, although current in- 
formation indicates this. Thus, we have observed elevations of 
serum calcitonin in a number of oür patients recently reported, 
without clinical evidence of metastatic carcinoma, these patients 
living asymptomatically for many years after eradicátion of the 


„disease from the neck. Also, we do not yet know if this group of 


patients has a susceptibility for another neoplasm, once the medul- 
lary thyroid carcinoma is controlled. 

I would like to ask the authors several questions. First, are they 
, willing to omit a lateral cervical lymph node dissection for certain 
” patients, such as those without a palpable primary lesion in the 
lobe of the thyroid under consideration? A total thyroidectomy is 
considered necessary for all pene with the hereditary variety of 
thyroid carcinoma. 

Second, ts there an age evel for kindred of families involved by 
hereditary medullary thyroid carcinoma at which point a negative 
test makes further determinations of serum calcitonin unnecessary? 

Third, have the authors established the diagnosis of medullary 
thyroid carcinoma for a patient only on the basis of an elevated 
serum calcitonin after provocation with both péntagastrin and 
calcium where the test with pentagastrin alone was normal? 


Dr. RoBERT C. HICKEY (Houston, Texas): It’s been less than 
two decades since HaZard and his colleagues carved out from 
the thyroid carcinoma milieu medullary, or solid, carcinoma of thé 
thyroid, and for a decade we have had a tool, immunoreactive 
serum calcitonin, as a biological marker. It’s one of high specificity 
and sensitivity. 

In testing since 1974, and looking at Dr. Wells’ second slide, we 


> -have used pentagastrin exactly as he has outlined it in his Test No. 3. 


; 


We have found pentagastrin more powerful, more reliable and less 
time-consuming than the calcium infusions, and comparing thirteen 
patients where both tests were used (the calcium and the penta- 
gastrin) the calcium was found less reliable. We have not used a 
combination of the two. _ 

At the M. D. Anderson, we have now something over 140 
patients with medullary carcinoma of the thyroid, and we have 
carved out one subset of 32 patients to study sequentially, pre- 
and posttherapy, whether the therapy might be by surgery, radiation 
therapy, chemotherapy or hepatic artery embolization. In this 
group there were 16 patients in the familial group; the others were 
sporadic. In the familial group the family history was very critical, 
as were the calcitonin levels, in the making of the diagnosis. Of 
the 16 patients in the familial subset, the average age was one 
decade less than the sporadic, and all of these, interestingly enough, 
had bilateral, multifocal disease; only one half had such in the 
sporadic group, and in terms of extrathyroidal disease, they 
were less advanced in the familial group. 

Now, attempting to clearly correlate the extent of disease and the 
therapeutic procedures by the calcitorin levels, there are some 
cloudy areas. There is no question that calcitonin is an excellent 
tool in screening and in diagnosis, and I believe that, carefully 
interpreted, it aids in following the clinical course of the patients. 

We would suggest that when the disease is confined to the 


-> thyroid, the calcitonins will be relatively low initially and be 


reduced postoperatively. With regional nodal spread, a low level 
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may be reached posttherapy —surgically —and it will rise subse- 

quently. There is no firm correlation; as far as we can determine, 

between the number of cancerous regional nodes that are removed 

and the preoperative and the postoperative calcitonin levels. This 

may be related to the biological aggressiveness of ihe disease. 

As Dr. Block has said, we have 20 patients with elevated calcitonin 
levels and no clinical evidence of disease. It may be that micro- 
metastatic, quiescent disease is the cause of such elevations. 

Gross metastases, particularly to the extracervical region — 
to bone and to viscera, and especially to the liver— are associated 
with conspicuous elevated levels, and at the time of impending death 
from metastases, the calcitonin levels are conspicuously elevated. 


DR. SAMUEL A. WELLS, JR. (Closing discussion): Regarding Dr. 
Johnson's question of the frequency of occurrence of sporadic 
MEN II, we are not sure that we have a well documented case of 
this. The variant syndrome, MEN IIB (medullary thyroid car- 
cinoma, mucosal neuromas and pheochromocytomas) is almost 
always sporadic, however, familial occurrence has been reported. 
MEN IIB is the most virulent form of medullary carcinoma. The 
disease progresses rapidly, metastasizes early and causes death 
at a relatively young age. 

We only have one patient with a positive clinical diagnosis and 
yet norimal calcitonin levels. In the process of metastasizing, 
the tumor apparently selects for a cell which does not produce 
calcitonin. This is extremely unusual in medullary thyroid car- 
cinoma; however, it has been reported in oat cell carcinoma. The 
primary oat cell tumor contains the enzyme histaminase; however, 
this substance is infrequently detected in metastatic tumor cells. 

Regarding the indolence of the disease, this is a characteristic of 
the MTC in patients with MEN II. We have patients who have been 
diagnosed at 70 years of age. They have primary disease, have 
never undergone surgery, and are essentially asymptomatic except 
for a neck mass. Also, we have several patients with metastatic 
disease who have demonstrated no clinical progression and no 
change in basal calcitonin levels for years. 

Probábly the most important factor in evaluating patients for 
treatment with chemotherapy is not the calcitonin level when they 
are initially observed, but rather how rapidly this level increases 
over a given period of time. Patients who demonstrate a rapidly 
increasing calcitonin level over a few months obviously have a 
more aggressive disease than those who maintain stable calcitonin 
levels without incréases. 

In regard to Dr. Block's comment, we have usually done à total 
thyroidectomy with a central neck dissection taking the nodes medial 
to the jugular veins and frorii the hyoid bone to the sternal notch. 
Patients with MEN II always have bilateral medullary thyroid 
carcinoma unless part of the thyroid has previously been resected. 
We have not seen a single exception to this. 

We do not know at what age provocative testing should be 
terminated in MEN II kindred members at risk. As I have shown 
in this presentation, two of the patients with C-cell hyperplasia diag- 
nosed by provocative testing were 44 and 45 years of age. Currently 
we dre recommending that patients be evaluated until the age of 45, 
but perhaps this is too conservative an approach. 

In answer to yoür question regarding the combined use of 
calcium plus pentagastrin, this slide demonstrates that compared 
to either pentapastrin alone or calcium alone, the combined in- 
fusion, of these two substances was generally superior. As, can 
be noted, there were three patients who would not have been 
diagnosed if either calcium alone or pentágastrin alone had been 
used as provocative agents. With both of these agents adminis- 
tered iri combination, however, calcitoniri levels diagnostic of MTC 
were elicited. Furthermore, occasional patients will have elevated 
levels of calcitonin following pentagastrin alone but not calcium, and 
vice versa., We are therefore currently using only the intravenous 
administration of calcium gluconate and pentagastrin. 

Regarding Dr. Hickey's remarks, I would again like to stress that 
this disease can be very indolent, and patients can maintain evi- 
dence of nonprogressive metastatic medullary thyroid carcinoma 
for exceedingly long periods of time. . 


The Zoilinger-Ellison Syndrome —23 Years Later 


CLIFFORD W. DEVENEY, M.D., KAREN S. DEVENEY, M.D., LAWRENCE W. WAY, M.D., F.A.C.S. 


The effects of recent diagnostic arid therapeutic advances were 
assessed in 65 patients with the Zollinger-Ellison syndrome 
(ZES). Twenty-seven patients seen between 1955 and 1970 were 
compared with 38 patients seen between 1971 and 1977. The 
earlier patients had a higher incidence of virulent ulcer disease 
(56% vs. 24%), other endocrinopathies (48% vs. 13%), and 
malignant gastrinoma (44% vs. 25%). Earlier diagnosis is the 
result of liberal use of serum gastrin measurements and pro- 
vocative tests for gastrin release (calcium and secretin), and an 
increased awareness of this syndrome. Because their basal gas- 
trin values were in a range that overlapped ordinary ulcer 
disease, 47% of patients encountered in recent years required 
provocative testing with secretin for diagnosis. If the gastrin 
concentration falls to normal followirig resection of a gastri- 
noma, the tumor has probably been completely removed. In our 
patients, gastrin measurements after total gastrectomy had no 
prognostic significance in regards to clinical progression or 
regression of the neoplasm. Of 12 patients treated with cimeti- 
dine, nine experienced symptomatic improvement, and three 
did not. Resection of the gastrinoma should be attempted if the 
lesion is solitary and located in the body or tail of the pancreas, 
or if it is an isolated duodenal lesion. Otherwise, total gastrec- 
tomy remains the treatment of choice. In 38 patients, total 
gastrectomy with Roux-en-Y esophagojejunostomy was fol- 
lowed by 97% survival and minimal difficulties with nutrition or 
dumping. 


T— YEARS AGO, Zollinger and Ellison 
described the association of virulent peptic 
ulcer disease, gastric hypersecretion, and islet cell 
tumors of the pancreas, a condition which has sub- 
sequently been referred to as the Zollinger-Ellison 
syndrome (ZES). They postulated that a humoral 
substance released from the tumor caused tlie acid 
hypersecretion, and they recommended total gastrec- 
tomy as optimal treatment.” Initially, diagnosis of ZES 
could only be made with confidence if the following 
criteria were satisfied: 1) acid hypersecretion, 2) peptic 
ulceration, 3) islet cell tumor(s) ofthe pancreas, and 4) a 
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characteristic appearance on barium x-rays of the 
stomach and small bowel.???* At that time, measure- 
ment of gastric acid secretion was the most valuable 
screening test for ZES.?*?* It was soon noted, however, 
that although acid secretory tests were useful in unop- 
erated patients, they were much less reliable in patients 
who had had previous ulcer surgery.!? 

Demonstration that the acid hypersecretion is a 
consequence of large amounts of gastrin produced by 
islet cell tumors,’ and the ability to measure serum gas- 
trin levels have changed the diagnostic approach.®1%% 
Diagnosis is now established by demonstrating gastric 
hypersecretion accompanied by hypergastrinemia.?! 
With the use of gastrin releasing provocative agents 
such as calcium and secretin, the diagnosis can be made 
with certainty, even in patients with only moderately 
elevated basal gastrin levels.!!? A history of virulent 
ulcer disease and/or the demonstration of a pancreatic 
tumor are no longer diagnostic requisites. 

The purpose of this report is to summarize experi- 
ences with a large number of patients with ZES at the 
University of California Medical Center between 1955 
and 1978. We describe how the clinical features, princi- 
ples of management, and natural history of this condi- 
tion have evolved during this period. 


Materials and Methods 


From 1955 to 1978, the diagnosis of gastrinoma 
(Zollinger-Ellison syndrome) was confirmed in 65 
patients referred to the University of California Medi- . 
cal Center, San Francisco. There were 30 women and 
35 men, whose ages ranged from 14 to 80 years. The 
median and mean ages were 43 and 47 years, respec- 
tively. Twenty-seven patients were diagnosed through 
1970, and 38 patients since. Twenty-five patients with 
ZES who were the subject of our earlier report are 
included in this analysis.” 
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Criteria for Diagnosis 


A markedly elevated serum gastrin level (2500 
pg/ml) accompanied by hypersecretion of acid was 
diagnostic of ZES. When the serum gastrin concentra- 
tion was only moderately elevated (75—500 pg/ml), a 
calcium or secretin provocative test was diagnostic in 
all but a few patients. Diagnosis was further confirmed 
in some cases by finding an islet cell tumor at 


' laparotomy, or by the persistence of elevated gastrin 
' levels after total gastrectomy. No patient with retained 


antrum syndrome, which can also produce hypergas- 
trinemia and acid hypersecretion, was seen during this 
period. 

To exclude antral G-cell hyperplasia, gastrin concen- 
trations were measured in selected patients after 
feeding a standard meal. Antral G-cell hyperplasia is 
said to be characterized by lack of a gastrin response to 
secretin and a large increase in gastrin levels after 
feeding.? To date, we have encountered no patient who 
satisfied the criteria for diagnosis of antral G-cell 
hyperplasia. 


Diagnostic Methods 


Gastric acid secretion and (since 1968) basal gastrin 
levels were measured in all patients suspected of having 
gastrinoma. Beginning in 1973, provocative tests for 
gastrin release were performed with calcium, secretin, 
or a standard meal, whenever basal gastrin levels were 
equivocal. The patients were studied in the morning 
after an overnight fast. Antacids, anticholinergic drugs, 
or H, blocking agents, which might have affected 
gastrin levels or acid secretion, had not been given for 


-. at least 12 hours before testing. 


Acid studies. After gastric acid had been aspirated 


through a nasogastric tube for four 15-minute periods 


(basal acid output, BAO), the patient was given 
Histolog® (Lilly and Company, Indianapolis), 1.5 
mg/kg IM, and gastric contents were aspirated for six 
more 15-minute periods. Maximal acid output (MAO) 
was calculated as the sum of H* secretion during the 
highest four consecutive periods after Histalog. Results 
were expressed as mEq H*/hour. 

Gastrin assay. Serum gastrin concentrations were 
measured by radioimmunoassay. The two antibodies 
used were furnished by Dr. Jens Rehfeld, Copenhagen, 
Denmark (No. 2604) and Dr. John H. Walsh, Los 
Angeles, California (No. 1611). The range of basal 
gastrin concentrations in ulcer patients without gas- 
trinoma was similar with both antibodies (No. 2604: 
mean 57 pg/ml, standard deviation 28 pg/ml, 100 
patients; and No. 1611: mean 48 pg/ml, standard devia- 
tion 56 pg/ml, 99 patients). The assay was performed as 
described by Stadil and Rehfeld.'? The sensitivity of the 
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Fic. 1. The distribution of basal gastrin levels in 99 patients without 
gastrinoma and 49 patients with gastrinoma. Overlap between these 
groups, involving 19 nongastrinoma and 22 gastrinoma patients oc- 
curred between 75—300 pg/ml. Twenty-four (49%) of the 49 patients 
with gastrinoma had basal gastrin levels below 500 pg/ml. 


assay with both antibodies was =10 pg/ml in the range 
0—200 pg, and the interassay variability was =15 pg/ml 
in the range 0—200 pg/ml. 


Provocative Tests for Gastrin Release 


Calcium and secretin tests. The methods for cal- 
cium and secretin stimulation of gastrin release from a 
gastrinoma have been described in detail elsewhere. 
The tests were performed on separate days. Calcium 
(4 mg Ca**/kg-hr) was given IV by continuous infusion 
for three hours. Secretin (2 U/kg) was given as an IV 
bolus. Blood samples for gastrin levels were obtained 
basally and at subsequently every 30 minutes during 
Ca** infusion, and 0, 2, 5, 10, and 15 minutes after the 
injection of secretin. 

Standard meal. The patient was given a breakfast of 
two hard or soft boiled eggs, two pieces of toast, two 
pads of butter, and one glass of juice. Serum gastrin was 
measured basally and 30, 60, and 90 minutes after the 
meal. 


Results 
Diagnostic Results 


Acid studies. In 22 previously unoperated patients 
with ZES the range of basal acid output was 18- 
138 mEq H*/hr (median, 38 mEq H*/hr). The range of 
the BAO/MAO ratio in the unoperated patients was 
0.37—1.41, with a median value of 0.95. Only two un- 
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Fic. 2A. Gastrin response to a continuous IV infusion of calcium 
gluconate in patients with and without ZES. The peak response usually 
occurred in the last few periods ofthe 3-hr infusion. In this and Figures 
2b and 2c the shaded area represents the range of responses in 
gastrinoma patients. 


operated patients with ZES had a BAO/MAO ratio of 
less than 0.5. In 21 ZES patients with at least one 
prior ulcer operation the range of H* secretion was 
1-26 mEq H*/hr (median, 8 mEqH*/hr). BAO/MAO in 
nine patients in this group ranged from. 0.05— 1.05. 

Gastrin studies. Figure 1 shows the distribution of 
basal gastrin values in 99 ulcer patients without gas- 
trinoma and in 49 patients with gastrinoma. There is 
considerable overlap between 75 and 300 pg/ml, but 
patients with basal gastrin levels above 500 pg/ml are 
clearly separate from those without gastrinoma. 
Twenty-four patients with proved ZES had basal gas- 
trin levels below 500 pg/ml. 

In our laboratory, an increase in gastrin concentra- 
tion of 395 pg/ml or more in any sample during calcium 
infusion, or an increase of 110 pg/ml or more after 
secretin is diagnostic for ZES.! Positive responses to 
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Fic. 2B. Gastrin response to an IV injection of secretin. (2 U/kg). 
The peak response to secretin occurred between two and ten min- 
utes in every patient. 
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Fic. 2C. Gastrin response to a standard meal in patients with and 
without gastrinoma. 


either agent are highly reliable, but false negative 
responses may occur in 5-10% of patients with ZES.! 

When the gastrin response to a meal was expressed 
as per cent increase over basal, seven unoperated 
patients with gastrinoma démonstrated an average 
increase of only 10% (range: 0—5092). An average 
postprandial increase of 120% + 28% (standard devia- 
tion) occurred in 24 unoperated duodenal ulcer patients ` 
without gastrinoma. Since patients with antral G-cell 
hyperplasia have a large response to a meal,° the magni- 
tude of the postprandial response should help distin- 
guish patients with antral G-cell hyperplasia from those 
with gastrinoma. 

Figures 2A, 2B, and 2C summarize the results of 
stimulation with secretin, calcium, and feeding. 

Clinical findings. In 27 patients diagnosed before 
1970, the three most important diagnostic findings were 
a history of virulent ulcer disease (56%), presence of 
tumor (59%), and acid hypersecretion (41%). Acid 
studies were of major diagnostic significance in all six 
unoperated patients, but were of much less value in 
patients with recurrent ulcers after previous operations 
(24%). X-ray findings and family history were diag- 
nostically important in only 19% of patients. MEA was 
present in 48% of these patients. 

In contrast, of the 38 patients diagnosed after 1970, 
only nine patients (24%) had a history of unusually 
severe ulcer disease, and demonstration of tumor was 
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TABLE I. Factors Essential for Diagnosis 


Number of Patients 


1955-1970 1971—1978 
Finding (27 Patients) (38 Patients) 
History of virulent ulcer 
disease 15 (56%) 9 (24%)* 
Upper gastrointestinal x-rays 5 (1990) 9 (24%) 
Family history 5 (1990) 2 (5%) 
MEA 13 (4790) 5 (13%)* 
Gastric analysis 
. All patients 11 (41%) 22 (58%) 
Unoperated patients 6/6 (10096) 20/23 (87%) 
Basal gastrin level 3 (11%) 36 (95%)* 
Provocative test for gastrin 1 (4%) 18 (47%)* 
Demonstration of tumor 16 (43%) 2 (5%)* 


* p< 905. 


of major diagnostic import in only two patients (5%). 
Acid secretory studies were valuable in 22 patients 
(58%), but they were highly suggestive of ZES in only 
two (13%) of 15 patients who had had previous ulcer 
surgery. Gastrin measurement played a major role in 
the diagnosis in 36 (95%) of the 38 patients. The basal 
gastrin values alone were diagnostic in 20 patients. In 
the other 18 patients (47%), all of whom had basal 
gastrin levels less than 500 pg/ml, provocative tests for 
gastrin release were essential for diagnosis. Demon- 
stration of tumor assumed much less diagnostic 
importance, being necessary for diagnosis in only two 
patients (5%). Multiple endocrine adenopathies were 
present in only 13% of this group. The value of the 
different diagnostic criteria is summarized in Table 1. 

Gastrin measurements have made possible the diag- 
nosis of ZES at an earlier and milder stage. The 
diagnosis was made before any ulcer operation in 61% 
of patients seen after 1970, compared with only 16% 
before 1970 (p «.05) (Table 2). In addition, seven 
patients (28%) died from complications of peptic ulcer 
before 1970, compared with only one patient after 1970. 
In patients seen after 1970, ulcer disease had been 
present for a shorter.time: 79% of those diagnosed after 


TABLE 2. Operative History Before Diagnosis of ZES 


No. Patients 


1955—1970 1971—1978 

(27 Patients) (38 Patients) 
No operation 6 (22%) 23 (61%)* 
One operation 2 (7%) 7 (18%) 
Two operations 7 (2690) 6 (16%) 
Three or more operations 8 (30%) 1 (590) 
Autopsy diagnosis 4 (15%) 0 (090) 
Died from PUD 7 (26%) ] (3%)* 


* p» .05. 
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TABLE 3. Length of Ulcer History Before ZES Diagnosed 


No. of Patients 


1955-1970 1971-1977 

Time (Years) (27 Patients) (38 Patients) 
0-5 14 (52%) . 30 (79%)* 
6—10 4 (1590) 5 (13%) 
=10 9 (33%) 3 (8%) 


1970 had a history of five years or less, compared with 
52% of those diagnosed before 1970. Only three 
patients (8%) after 1970 had ulcer symptoms longer 
than ten years, compared with nine patients (33%) 
before 1970 (Table 3). 

Slightly fewer tumors were seen at laparotomy after 
than before 1970 (21/27 vs. 13/24), but the difference 
was not significant. When a biopsy specimen was ob- 
tained, the incidence of demonstrated malignancy was 
about the same in each group (Table 4). 

Even using the provocative tests for serum 
gastrin levels, the diagnosis was equivocal for a time in 
several of the more recent patients. The following 
patient is an example: 

Patient 1. A 50-year-old woman presented with 
recurrent ulcers after two ulcer operations. Gastric 
analysis revealed a BAO of 1 mEq/hr and an MAO of 
20 mEq/hr. Basal gastrin levels ranged from 80 to 
150 pg/ml in several determinations. The rise in gastrin 
concentration following secretion was 75 pg/ml and the 
response to calcium was 105 pg/ml. Because of 
persistent symptoms the patient was restudied one year 
later. Her basal gastrin was then 300 pg/ml, and her 
response to secretin was 250 pg/ml. She subsequently 
had a total gastrectomy, and one year later her basal 
gastrin level was 600 pg/ml and the response to secretin 
was 600 pg/ml. 

Four patients with ZES presented initially with 
findings that were suggestive but equivocal. Three 
developed more classic signs after several years, and 
have been diagnosed as ZES, and the fourth patient 
continues to have less than conclusive evidence. 


TABLE 4, Tumors at Laparotomy 


No. of Patients Operated 


1955-1970 1971-1977 
(27 Patients) (24 Patients) 

Tumor found 21 (78%) 13 (54%)* 

Carcinoma 12 6 

Adenomaí(s) 8 3 

Hyperplasia 0 2 

No biopsy ] 2 
Tumor not seen 6 11 


* Difference is not significant. 
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TABLE 5. Gastrin Studies Before and After Tumor Resection 
Serum Gastrin (pg/ml) 


Before Resection After Resection 


Follow-Up 
Patient Basal A-secretin Basal A-secretin (Months) 
1 588 3562 20 —{1 30 
2 2340 2190 24 II 3 
3 200 400 17 — I 
4 2250 5065 24 11 48 


A-secretin means maximal change in gastrin concentrations after 
secretin. 


Clinical Results 


Total gastrectomy with Roux-en-Y esophagojejunos- 
tomy or isoperistaltic jejunal interposition, the most 
frequently used surgical treatment, was performed in 
38 patients (58%) with one operative death (3%). There 
were two anastomotic leaks (5%). 

The long-term results of total gastrectomy were 
assessed in the 24 patients available for follow-up. 
Thirteen patients maintained their weight without 
diarrhea or dumping. The remaining 11 patients either 
experienced mild nutritional problems or mild dump- 
ing. Weight loss, diarrhea, or dumping was not severe 
in any patient. 

Tumor resection for cure was attempted in only six 
patients (9%). In two of the six, tumor resection was 
incomplete, and both patients died in the postoperative 
period of ulcer complications. Both of these resections, 
performed before 1970, involved large tumors with 
local spread. Four resections performed after 1970 
appear to have removed all functionmg tumor. All four 
patients experienced an abrupt fall of gastrin levels to 
normal following resection, and studies 3—40 months 
postoperatively in three patients demonstrated normal 
basal gastrin levels and a normal (negative) response to 
secretin. It has only been one month since the last 
patient’s operation, and her gastrin levels are normal. 
One patient had a Whipple resection of a tumor in the 
head of the pancreas because of the simultaneous 
presence of an insulinoma. The remaining three pa- 
tients had single localized tumors in the tail of the 
pancreas which were easily resectable. Table 5 summa- 
rizes the gastrin data in four patients resected for cure. 

There were no preoperative studies that helped pre- 
dict which tumors would be resectable. Neither basal 
gastrin concentrations nor the response to calcium and 
secretin distinguished those with resectable lesions 
from other ZES patients. A CAT scan was performed 
on only one patient and demonstrated a tumor in the tail 
of the pancreas. In two resected patients celiac 
arteriography was normal in one and demonstrated a 
large tumor in the other. 
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Celiac arteriography was performed in a total of 12 
patients. The arteriograms were normal in eight pa- 
tients, three of whom have not had laparotomy. In the 
five operated patients whose arteriograms were 
normal, tumor was found in three patients (60% false 
negative). The arteriogram was thought to show a pan- 
creatic tumor in four patients, in two of whom no tumor 
was found (50% false positive). Thus, arteriography 
was not reliable. 

Twelve patients have been treated with cimetidine 
(300—600 mg orally, qid) (Table 6). Six of these 12 
patients had not had ulcer surgery before the diagnosis 
of ZES. Partial gastrectomy and Billroth II anastomosis 
had been performed in five patients, and pyloroplasty 
and vagotomy in one. Cimetidine produced marked 
symptomatic improvement in four patients, moderate 
improvement in five, and minimal-to-no improvement 
in three patients. These last three patients, all of whom 
had had partial gastrectomy and Billroth II anastomo- 
sis, failed to heal marginal ulcers after four months of 
therapy, and were treated by total gastrectomy. One 
unoperated patient underwent total gastrectomy and 
resection of a persistent esophageal stricture after four 
months of unsuccessful cimetidine therapy. Another 
patient had an exploratory laparotomy and resection of 
a solitary pancreatic adenoma. The remaining seven 
patients are well, and endoscopy in four of them six 
months after the institution of therapy demonstrated 
healing of the ulcers. Gastric acid secretion was meas- 
ured during cimetidine therapy in six patients and was 
markedly decreased in five. The sixth patient, whose 
acid output fell from 19 to 10 mEq H*/hr, was a treat- 
ment failure. 


Follow-up 


In 18 patients a diagnosis of carcinoma was made on 
the basis of finding lymph node or hepatic metastases. 
Five patients died postoperatively of complications of 
peptic ulcer disease, and one died of carcinoma of the 
lung. Of the remaining 12 patients, three (25%) died 
from the metastatic gastrinoma one, two, and 11 years 
after diagnosis. The nine remaining patients are well 
three months to 11 years after detection of the tumor. 
The median follow-up for these surviving patients is 
five years. Of the 47 patients with benign tumors or no 
tumor found at laparotomy, there have been no sub- 
sequent manifestations of malignant disease. 

Eighteen patients have had gastrin levels measured 
at varying intervals after total gastrectomy. Six ofthese 
patients were also tested with secretin. Basal gastrin 
levels (range: 280—14,000 pg/ml) and the response to 
secretin (range: 600—5,350 pg/ml) have remained 
elevated in all patients during a median follow-up 
period of four years (range: 1—11 yrs). 





The use of serum gastrin measurements and pro- 
vocative tests for gastrin release have made the detec- 
tion of ZES easier and more precise. The combination 
of hypersecretion of acid and marked hypergastrinemia 
is virtually diagnostic, even in the absence of 
demonstrable tumor.!®!%*! In patients whose basal 
serum gastrin levels are in a nondiagnostic or inter- 
mediate range, calcium and secretion have proved 
useful as provocative agents which release gastrin from 
the tumors. A positive response to either of these 
stimulants is virtually diagnostic of gastrinoma.! A 
positive response to secretin should exclude the 
retained antrum syndrome.!! If antral G-cell hyper- 
plasia is suspected as a cause of hypergastrinemia, a 
negative secretin test plus an increase in the basal 
gastrin concentration of 100% or more after a standard 
meal should confirm the antrum as the source of the 
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TABLE 6. Patients Treated With Cimetidine 
Basal Acid 
Follow- Secretion 
Operative Up (mEqH*/hr) Endoscopic 
Patient Status (Months) Off/On Clinical Response Findings 
I Unoperated 12 16/8 Symptomatically improved, but Duodenal edema 
still has some diarrhea No ulcer at 12 mo 
2 Unoperated 9 58/2 Marked improvement of symp- One superficial duodenal ulcer 
toms after 6 mos. 
3 Unoperated l 25/4 Marked improvement of diar- Duodenal edema 
. rhea. Patient had laparotomy 
and resection of tumor 
4 Unoperated 1 — Marked improvement of pain Deformed pylorus 
| and diarrhea 
S Unoperated 4 80/15 Persistence of an esophageal Esophagitis with stricture 
i stricture required total gas- 
trectomy + Roux-en-Y esoph- 
agojejunostomy 
6 Unoperated 3 56/ Improvement of symptoms 
Still has pain 
7" Antrectomy 4 — Minimal improvement of symp- Persistent marginal ulcer 
BII toms. Total gastrectomy 
§* Antrectomy 4 — Minimal improvement of symp- Recurrent marginal ulcer 
toms 
Q 70% I 1/ — 
gastrectomy 
BII 
10 Antrectomy 6 — Improvement of symptoms Healing of marginal ulcer 
BH 
A 70% 4 19/10 No improvement. Total gastrec- Persistent marginal ulcer 
gastrectomy tomy 
+ vagotomy 
12 Pyroplasty 9 26/3 Improvement but not asympto- Duodenal deformity without 
and vagotomy matic ulcers 
* Treatment failure. 
Discussion excess gastrin.??? To date only a small number of pa- 


tients with convincing evidence for this condition have 
been detected, and the failure to discover others sug- 
gests that antral G-cell hyperplasia is rare.**° 

Widespread use of gastrin immunoassay in patients 
with peptic ulcer disease has led to the diagnosis of 
milder forms of ZES. The patients diagnosed before 
1970 had longer ulcer histories, more previous 
operations, a higher incidence of other endocrinap- 
athies, malignant gastrinoma, and virulent ulcer 
disease, when compared with patients diagnosed more 
recently. 

The increased diagnostic capability afforded by 
gastrin measurements also has therapeutic implica- 
tions. Initially, demonstration of tumor was believed to 
be essential to the diagnosis,??5 and it was considered 
inadvisable to perform total gastrectomy without this 
finding. Since gastrinoma may not be found at 
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laparotomy in 30-60% of patients,” a large proportion 
of patients would receive inadequate surgical therapy if 
demonstration of tumor were considered essential. The 
diagnosis of gastrinoma now is established before sur- 
gery aiid is not dependent on finding a tumor at 
laparotomy. Exploration of the duodenum and pan- 
creas should be performed primarily to assess the pos- 
sibility of curing the patient by resecting the tumor, and 
to determine the presence and exterit of malignancy. 

The measurement of serum gastrin levels basally and 
after calcium or secretin also provides a postoperative 
means to determine the completeness of attempts at 
curative tumor resection. A postresection fall in gastrin 
to normal levels, coupled with a negative calcium or 
secretin test, is good evidence for a successful opera- 
tion. Conversely, if the gastrin level remains elevated 
after resection, residual tumor is likely and the patient 
may need further therapy. 

Several authors have described a decrease in serum 
gastrin levels following total gastrectomy, and have 
postulated that the gastrin level may correlate with 
tumor growth or regression.*-?" We have not seen a 
postoperative fall in serum gastrin in 18 such patients. 
All of these patients are asymptomatic except for one, 
who died of carcinoma of the colon 11 years after 
total gastrectomy. Thus we have been unable to cor- 
relate postoperaiive gastrin changes with tumor pro- 
gression, nor have we seen tumor regression, as 
noted by Friesen.’ 

Tumor resection for cure was attempted in six (9%) 
of 65 patients in this series. We are much more 
inclined to consider an attempt at tumor excision now 
than previously, however, because cimetidine should 
prevent complications of persistent hypergastrinemia if 
the tumor is incompletely removed. If there is a chance 
of cure by resection, this procedure would avoid the 
risks and morbidity of total gastrectomy, and would 
eliminate a potentially lethal tumor. We perform re- 
section if a single tumor is found at laparotomy 
which can be resected with more ease and less 
morbidity than performing a total gastrectomy. Others 
have advocated pancreaticoduodenectomies for 
lesions in the head of the pancreas,” but because 
the mortality and morbidity exceeds that of total 
gastrectomy, we are reluctant to perform this pro- 
cedure for gastrinoma. Of four successful resections 
three were lesions in the tail of the pancreas. 
Postoperative gastrin levels were, measured several 
times in the immediate postoperative period, and the 
response to secretin was measured several months 
later. An imniediate fall in gastrin to normal was 
interpreted as successful removal of all gastrin- 
secreting tumor, and so far all patients whose gastrin 
values dropped to the normal range continue to have 
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low values. Successful resections of botli duodenal 
and pancreatic gastrinomas have been reported,?:5:16 
but it shoüld be stressed that successful resection is 
theoretically possible in less than 20% of patients. 

We have not found preoperative arteriography help- 
ful in localizing these tumors because of a high incidence 
of false-negative and false-positive results. Preoperative 
venous sampling of pancreatic veins, portal veins and 
iliac artery for gastrin levels may serve to localize tumor 
in the future, but this is a new technique which has not 
yet been fully evaluated.? ‘ 

The overall mortality from islet cell carcinoma. was 
relatively low, as was the number of patients with overt 
metastases. Of 18 patients with obvious malignancies, 
six died from other causes within one month of diagno- 
sis, and 12 wére available for longer follow-up. Three of 
these 12 (25%) died of tumor. This compares with the 
27% mortality from malignant gastrinomas among pa- 
tients in the ZE tumor registry.” Of the patients without 
demonstrable carcinoma (47 patients), there have been 
no tumor deaths. Thus, the overall mortality from 
malignant gastrinoma was only 4.6% in the 65 patients. 

In most patients with ZES, H, receptor blocking 
agents (metiamide, cimetidine) have controlled the 
ulcer symptoms and permitted healing of ulcers, but the 
follow-up is brief. Of 61 gastrinoma patients reported by 
McCarthy et al., four required surgery for ulcer com- - 
plications, and one died of exsanguination.'^ In our 
series of 12 patients treated witli cimetidihe, there were 
four treatment failures within 12 months. We doubt that 
indefinite therapy with cimetidine will be satisfactory 
for many patients, but further experience will be 
necessary to assess this point adequately. 

Total gastrectomy remains the preferred treatment 
for most patients with ZES. In our patients this pro- 
cedure was associated with little postoperative morbid- 
ity and a 5% operative mortality.!? Ninety-five percent 
of the patients treated in this way achieved an adequate 
nutritional status. Some of the success of this opera- 
tion depends on the method of postoperative recon- 
struction, and as we have reported, the Roux-en- Y 
technique is preferable from the nutritional standpoint 
because it avoids alkaline esophagitis.!? 

In summary, the diagnosis of ZES now rests on dem- 
onstration of gastric acid hypersecretion and hyper- 
gastrineniia. Provocative tests with secretin or calcium 
are essential for diagnosis in about half of the patients 
with ZES currently being diagnosed. The secretin test 
should probably be performed in all cases because it 
also helps to exclude the rare situations where hyper- 
gastrinemia originates from the antrum. The shift from 
a consideration of clinical features to demonstration of - 
hypergastrinemia for diagnosis has changed the char- 
acterization of the syndrome; ectopic ulcers, multiple 
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ulcers, other endocrinopathies, and malignant gas- 
trinomas are all being seen in fewer patients. Long 
follow-up demonstrates the effectiveness and low mor- 


- bidity of surgical treatment. Whether extended treat- 


ment with cimetidine can match this record is being 
investigated. We now believe that surgical treatment 
should consist of resection of the tumor, provided that 
the lesion is solitary and can be removed by distal 


. pancreatectomy. Demonstration of a tumor at lap- 
. arotomy should not be considered to be a prerequisite 


far managing the patient as if he had ZES. In fact, 


Af surgical exploration is confined to palpation of the 


pancreas and duodenum, the tumior cannot be found in 
the majority of cases. More aggressive marieuvers in 
search of the tumor (eg. blind resection of the pan- 
creas) are not ordinarily justified. Most patients with 
ZES are best treated by total gastrectomy. The recon- 
structive technique must keep alkaline duodenal juices 
out of the esophagus, which in our expérience is best 
accomplished with a Roux-en-Y esophagojejunostomy. 
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in the response to the resection of even presumably isolated pan- 
creatic tumors. 

We have had the opportunity to follow one patient for seven years 
since resection of an isolated tumor. Immediately postoperatively. 
her gastrin levels returned to very low levels, and she has had nega- 


' tive secretin tests. She has been followed frequently, and three 


months ago her gastrin level rose substantially, and her secretin test 
is now, once again, strikingly positive. 7 
Dr. Deveney has made an important point. With the modern ad- 
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vances in our diagnostic ability, we can recognize the Zollinger- 
Ellison syndrome at an earlier stage. However, I think it’s important 
to emphasize that gastrin is not useful in predicting which patient is 
likely to have metastatic disease, or, in fact, how virulent the ulcer 
diathesis is likely to be. In our experience, gastrin levels have corre- 
lated poorly, if at all, with either the extent of malignancy or with the 
virulence of the disease. The patient that we’ve seen who had the 
most massive dissemination of gastrinoma tumor at autopsy, who 
also had an extremely virulent ulcer diathesis, had a very low level of 
gastrin throughout the course of her illness. So gastrin levels aren’t 
useful predictors, and don’t correlate very well. 

I think it’s also important to emphasize the selectivity of the 
approach anc the need for carefully choosing patients who should 
have resection for apparently isolated tumors. This requires meticu- 
lous intraoperative atterrpts to localize intra-abdominal microscopic 
foci of tumor or intra-abdominal metastases. 

Cimetidine should not be allowed to become a crutch to permit 
injudicious resection of otherwise unresectable tumors. Cimetidine 
offers us a gr2at opportunity to prepare patients for what should be 
safe and careful elective total gastrectomy. 


Dr. STANLEY R. FRIESEN (Kansas City, Kansas): I have been 
looking forwzrd to hearing this paper, after reading the abstract, and 
find that I can agree with the important conclusions of Dr. Deveney 
and his associates, which is in contradistinction to some of the recent 
reports in the literature regarding the possibility that cimetidine 
should be used routinely, long term, in all patients suspected of 
having Z-E syndrome. I hope that this paper, as well as other obser- 
vations and more experierice in the future, will lay that idea to rest and 
support the idea that we should arrive at specific indications for the 
use of cimetidine and specific indications for the use of surgical 
treatment. 

Certainly cimetidine is going to have an important role in the 
overall management of these patients, but we have to arrive at 
specific reasons for why it should be used. There is no question 


that cimetidine controls the symptoms in most patients with Z-E - 


syndrome, and with duodenal ulcer. It even prevents complications, 
unless the patient already has complications when he comes to you. 
This prevention of symptoms and prevention of complications allows 
us to buy some time for a more adequate differential diagnosis and 
more adequate substantiation of the diagnosis and preparation of that 
patient for sugical treatment. 

I think surgical :reatment is still indicated in these patients to 
confirm the ciagnosis histologically, to remove the tumor if resect- 
able, and to carry out total gastrectomy, in some patients who opt 
not to take cimetidine every day for the rest of their lives. 

Although cimetidine may have a beneficial effect on the progres- 
sion of cellular changes from hyperplasia to neoplasia, I doubt that 
cimetidine will have much of an effect on tumor growth, because 
regression of tumor, has been à very uncommon occurrence after 
total gastrectomy. To my knowledge, there have only been eight 
patients who have had documented regression of tumor after total 
gastrectomy, and three of those now have evidence of recurrence, 
two at 11 and 19 years afterward. Four of those patients are mine. 
Two are still regressed. Two have had recurrence. I'd like to show our 
experience with five patients who have had cimetidine for Zollinger- 
Ellison syndrome. 

(Slide) These five patients have serum gastrin levels nearly or over 
1000 picograms/ml. These three patients, D.S., R.S. and V.E., have 
been placed on cimetidine and been on it for approximately one year, 
at 300 mg every six hours. The serum gastrin value has not changed; 
neither has there been any evidence of tumor metastases in those 
patients in that one year's period. 

In this one patient, we have had an opportunity to watch him 
develop Zollinger-Ellison syndrome; he starts here with ordinary 
duodenal ulcer disease, with vagotomy and antrectomy, with acids 
coming down to zero and serum gastrin remaining at normal levels, 
but within three years his gastrin begins to elevate; he has refused 
operation, and he has been carried on cimetidine for a year. We're 
concerned that he may develop metastases during this course of 
medical management. 
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(Slide) This patient is interesting, because she presented as a 
synchronous MEA Type I in crisis. She had just perforated a jejunal 
ulcer and had it sutured; and she also came in with hypercalcemic 
crisis. We placed this patient immediately on cimetidine, which held 
her over so that we could remove her parathyroids, could take care of 
her pituitary gland and, then, when cimetidine failed at this point, 
by virtue of reperforation of her jejunal ulcer, we carried out total 
gastrectomy. m 

After the total gastrectomy, and removal of a metastatic node, 
the serum gastrin came down to these levels, 300—400 picograms/ml. 
We retested her with secretin, found that she still spiked, and we 
suspected she had a pancreatic tumor. So we reexplored her, 
removed the pancreatic tumor, and now her serum gastrin values are 
down to normal levels, illustrating the importance of removal of 
tumor, and the importance of buying time in critical situations with 
cimetidine. 

This patient begins with an 800-plus picogram/ml serum gastrin. 
These are all mean values of many more determinations. Cimetidine 
does lower the serum gastrin level, and secretin stimulates it. 
Operation, with total gastrectomy and excision of the lymph nodes, 
brings the serum gastrin down to normal, and at three years it's still 
normal, no primary tumor being found. 

I'd like to conclude these remarks by saying that the diagnosis is 
important in differentiating between antral hyperplasia and pan- ~ 
creatic tumor, because in certain patients with G-cell hyperplasia 
neither cimetidine nor total gastrectomy is needed. I had two patients 
recently in which vagotomy and antrectomy has lowered the serum 
gastrin levels from 400 down to normal; these patients do not need 
either total gastrectomy or cimetidine, because such patients just 
have G-cell hyperplasia without tumor. These situations are unusual 
but such patients need to be identified. 

We have to be careful about diagnosis. We have to use cimetidine 
wisely. 


DR. JAMES CHARLES THOMPSON (Galveston, Texas): I think that 
we do have to put our problems in perspective. There are now several 
gastroenterologists who have written that we should treat this disease 
by medication. It seems to me that they are attempting to seize the 
therapeutic initiative, largely to spare patients from the vicissitudes 
of total gastrectomy. : 

First of all, total gastrectomy is really quite different in these 
patients; and in fact, the nutritional sequelae are remarkably small, 
and often absent. Ofthe 17 patients we have operated upon, two areat 
work full time as stevedores in Galveston. One weighs 205 Ib.; the 
other weighs 190. We have one woman who weighs 182 lb. and has 
gone on a diet because she is too obese. Of the 17, only one is in poor 
nutrition, and that patient is an alcoholic as well. 

We should remember that the activity of the gastrin-producing 
tumor is often episodic; but the decision not to operate relegates the 
patient to a life-long dependerice on H,-blocking agents. We now see 
patients who have been on cimetidine therapy for varying lengths of 
time, who have had secretory break-throughs with complications. 
We had one patient who bled massively. 

I saw a pateint at another hospital a couple of weeks ago who has 
been on one ofthe H,-blocking agents for nearly six years, and he has 
been intermittently, and often severely symptomatic for much of that 
time. 

I spoke with two gastroenterologist colleagues in Europe last 
summer, Serge Bonfils in Paris and Werner Creutzfeld in Góttingen. 
Both have treated several patients with cimetidine for long terms, and 
both of them said that thev thought, after they analyzed these pa- 
tients, that cimetidine was an excellent drug to get the patient in 
condition for operation, and is acceptable for long-term treatment 
only in the minority of patients. It does remove the gun from the 
head of the surgeon, and allows him to plan his operative treatment. 

There is no question that cases of ZES are being located 
earlier. This is, actually, quite usual. As we study all new diseases, 
we learn to find cases earlier; and if we carry that to its 
ultimate evolution, we find cases that are marginal. I suspect that that 
is one of the reasons that so many ZE patients have responded so 
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well to cimetidine. But again, I would suspect that many of those 
people will become more symptomatic and will require operation. 

We should take as a model for this disease, at least for the tumor 
part of this disease, the carcinoid syndrome. We all know that pa- 
tients can live for years with carcinoid tumors metastatic to the 
liver, often asymptomatic, but when the tumor begins to grow, it 
often grows with ferocity and kills its host. 

We are all beginning to see more patients die of the ZE tumor, 
and we ought to be very aggressive in its treatment. The fact that we 
get only a 596 cure should not deter us. After all, that is what we 
get with carcinoma cf the stomach, and no one hesitates to operate 
upon that disease. If we take all comers, I suspect, in fact, that we 
may get a better cure rate than that. 

I would like to ask the authors: Of the four patients 
Who are eugastrinemic now, what was the location of their tumors? 
We have only two out of 17; they have four out of 34, which is just 
about the same ratio, and of those two, both of the tumors were 
located extrapancreatically —neither in the duodenum, both in the 
omentum. 

I'd like to say parenthetically that we have had two duodenal 
tumors in which the gastrin levels did not return to normal after the 
excision of the duodenal tumors that had been expected. The point is 
it won’t happen all the time. 


DR. PAUL H. JorDAN, JR. (Houston, Texas): I rise to support the 
concepts of the Drs. Deveney and Way, and the thought that some of 
these cases may be less virulent—-and can perhaps be treated other 
than by total gastrectomy, particularly since some evidence supports 
the idea that the secretory response to Zollinger-Ellison tumors is 
more receptive to cimetidine than that in patients with duodenal 
ulcer. 

We had two patients who had documented Zollinger-Ellison 
tumors but who did not have ulcers. Their problem was intractable 
diarrhea. One of these patients had a total gastrectomy and a 
Roux-en-Y. That patient is working as a lawyer but has a problem 
maintaining weight and with dumping. ; 

Since the advent or cimetidine, I have had a second patient, who 
had a basal secretory rate of 30mM/hr, and whose serum gastrin was 
over 1000. This woman’s diarrhea was well controlled by cimetidine, 
but she didn’t want to commit herself to a lifetime of taking cimeti- 
dine, so we operated upon her. 

A tumor in the tail of the pancreas and some three lesions in the 
liver were removed. In spite of this debulking of the tumor she 
continued to have diarrhea and to have a high secretory rate. Ob- 
viously, we had left tumor behind. 

Since that operation, she has been weil controlled by cimetidine. 
She still has her stomach, which I think is a desirable thing, when 
possible. 

We failed to spare this lady from having to take cimetidine 
for the rest of her life, or subsequently to require a total gastrectomy. 
Maybe the next patient will be more successful. At any rate, we are 
able to fall back and use cimetidine. In the meantime maybe she will 
live out her life with her stomach intact, which is desirable inspite of 
the fact that some do quite well after total gastrectomy. 

I think that we have to look at these patients with an open mind as 
to a possible alternative way of taking care of them besides total 
gastrectomy. 


‘Dr. R. Scorr Jones (Durham, North Carolina): I have only one 
question for Drs. Deveney and Way about their excellent work. 

I was quite interested in the fact that they had several patients who 
responded very poorly to cimetidine therapy, and I wonder if they 
have investigated these cases, to know whether the failure of response 
to this treatment is due to some biological phenomenon, or is it due to 
noncompliance? 

Were there patients who took the drug and failed to respond with 
reduced acid secretion, or, perhaps, did they just not take the drug? 


Dr. LAWRENCE W. Way (Closing discussion): Several of the dis- 
cussants addressed the question of the indications and the success of 
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tumor resection. Their opinions seem to span the spectrum of 
aggressiveness. 

We believe that the principal value of tumor resection in the ZE 
syndrome is when there is a reasonable chance of curing the patient; 
i.e., when the tumor is solitary and confined to the pancreas. In our 
opinion, resection is unlikely to accomplish much if there is extrapan- 
creatic spread of tumor, especially if tumor must be left behind. 
Patients with solitary lesions ofthe pancreas, particularly those in the 
body and tail, have the greatest chance of benefiting from tumor 
resection. 

We are concerned about adopting a more aggressive surgical 
attitude which would lead to major pancreatectomies, pancreatec- 
tomy plus partial hepatectomy etc., where the chances of incomplete 
resection are high. Persistent ulcer disease under these circumstances 
may require total gastrectomy, and in a patient who has had a Whipple 
operation, for example, the addition of total gastrectomy may create 
a much more serious nutritional problem, much different than with 
total gastrectomy alone. 

Dr. Jaffe cautioned that there is no way to be certain that a patient 
is cured after removing the tumor even though basal gastrin levels 
remain low for long periods. Conceivably, the next time the patient is 
tested, the gastrin levels may be on the rise again. Fortunately, we 
have not encountered this problem, and we note that the literature 
cites several patients who are apparently free of tumor many years 
after a curative resection. 

We also agree with Dr. Jaffe's remark to the effect that there is no 
relationship between the absolute gastrin concentration and the 
manifestations of the disease. Neither have we seen a correlation 
between the gastrin levels and the behavior of the tumor following 
total gastrectomy. All our patients treated by total gastrectomy alone 
continue to have elevated gastrin levels, which have shown no 
obvious tendency to rise or fall with time. Regardless of the post- 
operative gastrin levels, the tumors have, with only two exceptions, 
remained indolent. 

We agree with the remarks of Dr. Friesen and others concerning 
cimetidine. Dr. Thompson echoed an opinion expressed in the text of 
the paper that cimetidine is of principal value because it allows the 
surgeon to prepare the patient preoperatively. We will watch, with an 
open mind, how the patients managed chronically on cimetidine fare, 
but we are suspicious that in good risk patients indefinite cimetidine 
therapy will not be as satisfactory as total gastrectomy or curative 
pancreatectomy. Certainly, itis unwise and even dangerous to persist 
with cimetidine therapy in the face of complications or nonhealing 
ulcers. 

Dr. Friesen cited a patient in whom antrectomy lowered the gastrir. 
levels, which emphasizes the point that secretin testing, which ts easy 
to do, should probably be performed in all patients. In addition to pro- 
viding a conclusive diagnosis in patients whose basal gastrin levels 
are in the gray zone, the secretin test also helps rule out hyper- 
gastrinemia of antral origin, either retained antrum syndrome or 
G-cell hyperplasia. 

Dr. Thompson, as we reported in a recent detailed review of total 
gastrectomy (Am. J. Surg. 135:348, 1978) our patients also 
have had few nutritional problems, which we attribute to avoid- 
ing reconstructive procedures that allow access of bile to the 
esophagus. We believe that a Roux-en-Y esophagojejunostomy is 
the best technique for this purpose. 

The pancreatic tumors apparently cured by resection were situated 
in the tail and body of the gland in three patients, and in the head of 
the gland in one patient. All the tumors that we have been able to cure 
surgically have been confined to the pancreas. The two unsuccessful 
resections involved tumors associated with local spread; both of 
these patients were operated on before we had had extensive ex- 
perience, before cimetidine was available, and they both suffered 
serious complications of ulcer disease postoperatively. 

Dr. Jones asked if there were any clues as to when cimetidine 
would be successful. In a couple of patients who responded clinically, 
there was a marked drop in acid secretion in response to cimetidine. 
One of the patients who was a cimetidine failure had a much less 
striking decrease in H* secretion while on the drug. 
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Although home parenteral nutrition (HPN) has been used suc- 
cessfully for adult patients, no extensive experience with children 
has been reported. During the past three years, we have man- 
aged 34 patients, ages 1% months to 20% years, on a HPN 
program for periods ranging from 23 to 786 days. Silastic 
Broviac catheters were inserted into the superior vena cava 
through the jugular or cephalic veins or into the inferior vena 
cava through the saphenous vein. The catheters were brought 
out onto the chest or lower abdominal wall through a sub- 
cutaneous tunnel. Solutions were infused over a 10—14-hour 
period each day, using a volumetric pump system. All patients 
improved their nutritional status. Twenty-three of 29 on the 
program for more than two months showed an increase in 
height. All patients evidenced a significant decrease in symp- 
tomatology. All resumed peer group activities while on HPN 
and were able to continue their education or work. At present 
24 patients including 15 with Crohn's disease no longer re- 
ceive HPN. Administration of HPN through a Broviac catheter 
is a safe, successful technique for maintaining an optimal nutri- 
tional status in children with severe digestive disorders, and 
permits resumption of a more normal daily lifestyle. Following 
HPN, bowel adaptation and initiation of full oral alimentation 
become possible in many patients. 


N THE DECADE SINCE DUDRICK'S first report of 
I growth. and positive nitrogen balance in an infant 
receiving total parenteral nutrition,’ significant ad- 
vances have been made. The development of safe tech- 
niques to place and maintain central venous catheters‘ 
has enabled many patients with severe digestive dis- 


Presented at the Annual Meeting of the American Surgical As- 
sociation April 26~28, 1978, Dallas, Texas. 

+ Dr. Strobel is on active duty in the U.S.A.F. in a Pediatric 
Gastroenterology Fellowship at UCLA. l 

The opinions expressed are solely those of the authors and 
do not necessarily represent those of the United States Air Force 
or the Departmen: of Defense. 

Address correspondence: Cory T. Strobel, M.D., Department of 
Pediatrics, MDCC/Room 22-437, UCLA Center for Health Sciences, 
Los Angeles, California 90024, or to Eric W. Fonkalsrud, M.D., 
Department of Surgery, UCLA Center for Health Sciences, Los 
Angeles, California 90024. 


From the Department of Pediatrics, Division of 
Gastroenterology and the Department of Surgery,* 
UCLA Medical School, Los Angeles, California 


orders to heal damaged intestine and resume oral ali- 
mentation. However, in a small group suffering from 
massive small bowel resection or severe chronic bowel 
disease, long-term nutritional support became neces- 
sary. The resultant hospitalization of these patients 
was both expensive and psychologically disabling. 

In 1970, Scribner described a technique for manag- 
ing these patients at home," using an arteriovenous 
shunt for circulatory access. The patients would safely 
receive their entire fluid and caloric requirements over 
a 10—12-hour period each day and be taught the neces- 
sary techniques to provide their own care. With the 
development of an indwelling silastic catheter (the 
Broviac catheter) in 1973,! this method became more 
easily manageable and dependable. Various authors 
have subsequently shown that home parenteral nutri- 
tion (HPN) using either a Harvard pump or a pneumatic 
infusion device is safe and effective in selected small 
groups of patients.^!?:5 HPN has been used primarily 
in adults and the program is available at only a few 
medical centers. We previously reported our initial re- 
sults in six children and adolescents who were on HPN.? 
Indeed, at this time, reports from all involved centers 
of the total pediatric patient experience with this tech- 
nique number less than a dozen. 

Inasmuch as the entire field of total parenteral nutri- 
tion has evolved from a clinical trial in one infant, it 
seems fitting that the life-quality improving technique 
of HPN should be expanded to include more pediatric 
patients. To this end, we have completed the following 
study, in which our technique for a HPN program utiliz- 
ing a Broviac catheter and volumetric infusion system 
is outlined, and our cumulative data from August 1975 
through January 1978 on the benefits and complications 
of HPN in 34 pediatric patients are reviewed. 
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Materials and Methods 
Criteria for Initiating HPN 


Patients were selected for the HPN program because 
of an inability to maintain fluid and nutritional balance 
on therapeutic diets or elemental formulas, and/or a 
probable need for 30 or more days of conventional 
inpatient total parenteral nutrition. 


Patient Population 


Thirty-four pediatric patients (12 females and 22 
males), ranging in age from 144 months to 20/4 years, 
were started on the HPN program. Atthe time of initial 
Broviac catheter placement, four patients were less than 
six months old; four were more than one year but less 
than 10 years old: nine were older than 10 years but 
younger than 15. The remaining 17 were between 15 
and 21 years old. Their diagnoses are listed in Table 1. 
Patients with Crohn's disease and chronic idiopathic 
intestinal pseudo-obstruction syndrome (CIIPS) com- 
prised over 6796 of the total group. Of the 17 patients 
with Crohn's disease, the primary complications lead- 
ing to a HPN program were growth failure (6), en- 
terocutaneous fistula (4), steroid-unresponsive, diffuse 
disease (2), obstructive symptoms (2), short bowel syn- 
drome (1), severe rectal fissure with incontinence (1) 
and chronic pancreatitis (1). Prior to starting HPN, 
therapy in these 17 patients had included Azulfidine® 
(14), adrenocorticosteroids (12), conventional inpatient 
total parenteral nutrition of less than 6 weeks duration 
(7), and/or previous surgical resections (6). _ 

Four of the six patients with CIIPS developed ob- 
structive symptoms and/or diarrhea during the neonatal 
period. In two, HPN was started within the first three 
months of life, while the other two were hospitalized 
for most of their first 2/4 years of life. The remaining 
patients were started on HPN for a multiplicity of gas- 
trointestinal disorders: The two patients with cystic 
fibrosis were unique in that Broviac catheters were 
inserted primarily as a route for administering anti- 
biotics, in an attempt to prevent recurrent acute pneu- 
monias. They were allowed to continue their oral in- 
take with pancreatic supplements and received addi- 
tional nutritional support with parenteral solutions. 


Home Parenteral Nutrition Technique 


Catheter insertion. The Broviac catheter* was in- 
serted into the superior vena cava just above the right 
atrium. This was accomplished while the patient was 
under local anesthesia in the minor operating room 
(general anesthesia in the main operating room for most 
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TABLE 1. Diagnoses for 34 Pediatric Patients Placed on HPN 


Diagnosis Number of Patients 
Crohn's disease . 17 
Chronic idiopathic intestinal 

pseudo-obstruction syndrome 6 
Chronic pancreatitis 2 
Cystic fibrosis 2 
Unclassified inflammatory bowel 


disease l 
Unclassified sprue l 
Congenital short bowel 1 
Gastrointestinal bleeding, 

malnutrition | 


Short bowel syndrome 
Primary gastric adenocarcinoma 
Radiation enteritis 


patients younger than 10 years old). A small skin in- 
cision was made over the external jugular vein 2—3 
cm above the clavicle, and the vessel was isolated be- 
tween Dexon ligatures. A second incision was made on 
the chest wall superior to the nipple, and a narrow sub- 
cutaneous tunnel was constructed between the two in- 
cisions. The thin segment of the catheter was brought 
through the tunnel so that the Dacron? cuff was posi- 
tioned just beneath the skin of the chest incision. The 
thin catheter segment was then cut to appropriate 
length, and after filling the entire catheter with heparin 
(1000 units/cc), it was inserted under direct vision into 
the exposed vein and threaded into the superior vena 
cava with chest roentgenographic confirmation of posi- 
tion. Broviac catheters for infants and adults are shown 
in Fig. 1; the usual position of a catheter in a patient 
is shown in Fig. 2. During the early phase of the pro- 
gram, the cephalic vein at the level of the shoulder 


. was used for catheter insertion, but because of ease of 


insertion, the external jugular vein was subsequently 
chosen as the preferential site. The internal jugular 
vein, cannulated through a tributary or a pursestring 
suture, served as an alternative site in four patients. 
Because of thrombosis of the usual access sites or in- 
creased ease of insertion (in three infants), six patients 
had catheters inserted into the sephenous vein and 
threaded into the inferior vena cava with a subcutaneous 
exit site constructed on the lower abdominal wall. Pa- 
tients with multiple previous catheter insertions bene- 
fited from preoperative venograms to determine the 
optimal site for venous cut-down. The wounds were 
closed and Betadine® ointment was applied twice daily. 

Choice of nutrient solution. Ultimately, all patients 
received a parenteral nutrition solution consisting of 
20% or 25% dextrose with either 3% casein hydrolysate 
(Travamin®) in the infants, or 5% casein hydrolysate 
(Travamin®) or 4.25% synthetic amino acids (Travasol®) 
in the older children and adolescents, in sufficient vol- 
ume to provide nutrients for optimal growth (60—110 





kcal/kg/day, depending on age). The optimal concentra- 
tion of dextrose and volume of infusion were attained 
after initially starting with 10% dextrose and one of the 
above protein concentrations with maintenance elec- 
trolytes and vitamins, infused at a maintenance fluid 
requirement rate over 24 hours. The dextrose concen- 
tration was then advanced at 24 hour intervals to 15 or 
2096, and in a few patients, 2596. The volume of in- 
fusion was then increased above maintenance require- 
ments by increments of 10% every 12 hours to reach 
the optimal calculated caloric needs. The maximum 
volume infused was 4.0 l/day. Supplementation with 
additional electrolytes was dictated by laboratory 
studies; 1 mg copper and 1 mg zinc were added, as 
the sulfates, to each liter of solution. 

Essential fatty acids (EFA) were provided through 
the infusion of Intralipid? at 4 gm/kg/day up to a maxi- 
mum of 500 cc/day, delivered through a Y connector 
by gravity drip, distal to the infusion pump. Because 
this solution was always in short supply, the primary 
source of EFÀ in a limited number of patients who 
were not severely malnourished or demonstrating 
clinical signs of EFA deficiency was 15 cc of safflower 
oil, rubbed onto the flexor surfaces of the forearms 
four times daily.?° 

Infusion technique. A volumetric infusion pump 
(IMED 922, IMED Corporation, La Jolla, California) 
with a built-in alarm system and an automatic feature 
to stop the infusion for air in the system, for occlusion 


STROBEL AND OTHERS 


Ann. Surg. e September 1978 


Fic. 1. The standard 
adult Broviac catheter 
compared to an infant 
model available currently 
on a trial basis. Both 
consist of a Luer lock 
connected to an external 
silastic segment which 
extends to a Dacron cuff 
and terminates with a 
thinner intravascular 
segment. The fibrous 
cuff stimulates adhe- 
sions which serve to 
secure the catheter and 
the Luer lock can be 
capped when the 
catheter is not in use. 


of the catheter or infusion tubing, and for completion 
of the infusion, was utilized in al! patients. The maxi- 
mum. infusion rate available was 299 cc/hour. 

Once a patient evidenced normal electrolytes and 
was free of glycosuria for two to three days on the 
optimal parenteral nutrition volume and concentration 
given over 24 hours, an adaptive phase was initiated. 
While the total daily volume of infusion was held con- 
stant, the duration of infusion was decreased by one 
hour per day and the rate of infusion was increased 
appropriately. Eventually all patients were able to 
tolerate infusions over a 10—14-hour period at night, 
permitting a more normal lifestyle during the day. 

Reactive hypoglycemia was prevented by decreasing 
the infusion rate 5096 every 15 minutes during the final 
30 minutes of the infusion. The few patients who de- 
veloped persistent glycosuria were taught to add insulin 
to their parenteral nutrition solutions. An initial dose 
of 0.5 units of regular insulin per 10 g glucose in the 
solution was increased by .25 units/10 g/day until the 
patient spilled no more than 176 glucose on two con- 
secutive urine examinations. 

Filters have not been used in our infusion system 
since early clinical experience revealed that neither the 
0.22 nor the 0.45 micron filters were consistently 
capable of withstanding the infusion pressures generated 
by the IMED pump. Solutions prepared by the phar- 
macy were double filtered, thus significantly reducing 
the amount of particulate material present in the 
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final product. In addition, each batch of solutions was 
cultured and quarantined for 10 days prior to patient 
utilization. Other than the two patients with cystic 
fibrosis, infusion through the Broviac catheter has been 
restricted to parenteral nutrition solutions and In- 
tralipid.© Moreover, the Broviac catheter has not been 
utilized as either a central venous pressure monitor 
or as a blood sampling route. 

Patient education. In conjunction with the adaptive 
phase, all patients and their parents were given com- 
- prehensive instructions concerning the techniques of 
aseptic catheter care, stopping and starting the infusions 
and the operation of the IMED infusion pump. A solu- 
tion containing either 3 cc of 1000 units/cc Lipo- 
heparin?, or 50 units/kg (for the younger patients) 
diluted to 3 cc with sterile normal saline, was flushed 
through the catheter once daily when capping the 
catheter after the infusion was completed, in order to 
prevent its thrombosis. Patient technique was observed 
daily by the training nurses and physician staff prior 
to discharge, to assure patient or parent mastery of 
these techniques. 

Outpatient management. All patients on HPN utilized 
solutions that were formulated by the UCLA pharmacy 
obtained on a weekly or biweekly basis, and kept the 
solutions under refrigeration at home. Supplies for 
catheter care and infusion-related materials were picked 
up monthly from the same source. 

Following discharge, older patients were seen 
weekly for one month; then visits were lengthened to 
biweekly and finally monthly, pending the absence of 
complications in fluid and electrolyte balance and cath- 
eter malfunction. However, infants were seen on a 
continuing weekly basis because of the need to readjust 
fluid and nutritional requirements. Standard laboratory 
parameters obtained on all patients at each outpatient 
visit included electrolytes, calcium, magnesium, phos- 
phorus and complete blood count. Complete protein, 
albumin, SGPT, alkaline phosphatase, serum iron and 
total iron binding capacity data were obtained monthly. 
Most patients, other than the infants, required minimal 
adjustment of their HPN solutions, based upon these 
outpatient laboratory determinations. Patients received 
vitamin B,, (Dosette®) intramuscularly, 100 mcg 
per month; vitamin K (Aquamephyton?) intramus- 
cularly, 10 mg biweekly; and iron (Imferon®) intra- 
venously, depending upon serum iron and total iron 
binding capacity. 


Results 


Clinical Benefits 


The duration of HPN in our individual patients has 
varied from 23 to 786 days (6649 cumulative days). 
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Fic. 2. Position of the Broviac catheter as it exists onto the chest 
wall from its subcutaneous tunnel. A second incisional site can be 
seen on the neck, where venous cannulation under direct vision 
was accomplished. 


Two patients have been on HPN for more than 500 
days; five for more than 300 but less than 500 days; 
seven for more than 200 but less than 300 days; ten 
for more than 100 but less than 200 days; five for more 
than 60 but less than 100 days; and five for more than 
20 but less than 60 days. These figures represent the 
total number of days our patients have received 
parenteral nutrition after insertion of the initial Broviac 
catheters. Once acatheter was inserted, hospitalization 
time at the start of the HPN program averaged two 
to three weeks. 

The clinical details obtained for our 34 patients are 
summarized in Table 2. Ten patients currently remain 
on HPN; this includes four with CIIPS, two with 
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Patient 
Duration of Current Status 
No. Age (yrs) Sex Diagnosis HPN (days) Days off HPN & Comments 
l 1/8 F CIIPS* 143 Continues on HPN 
2 1/6 M Congenital short bowel 124 Continues on HPN 
3 1/5 F CIIPS 158 Continues on HPN 
4 1/2 F Gastrointestinal bleeding 90 Continues on HPN 
5 2 1/4 F CIIPS 520 Continues on HPN 
6 2 1/2 F CIIPS 30 -- Malnourished-- 
7 7 12 M Unclassified inflammatory bowel 213 99 [n remission, reg. diet 
8 9 1/4 M Crohn's disease, EC fistula* 63 539 Low lactose diet 
9 10 1/2 M Crohn's disease, growth failure 72 128 Steroids with HPN 
10 12 1/2 M Unclassified sprue, IgA deficiency 185 269 Gluten-free diet 
11 12 1/2 F Chronic pancreatitis 56 257 Regular diet 
12 13 1/2 M Crohn's disease, growth failure 248 61 Ileal resection 
13 13 1/2 F Cystic fibrosis 393 Continues on HPN 
14 14 M Crohn’s disease, growth failure 298 Continues on HPN 
15 14 M Crohn’s disease, growth failure 206 105 Relapse, on steroids 
16 14 M Crohn's disease, rectal fissure 122 85 Diverting ileostomy 
17 14 | M Crohn’s disease, growth failure 316 91 Ileocolic resection 
18 15 F Crohn’s disease, EC fistula 311 7 Fistula open off HPN 
19 16 M Crohn's disease, diffuse disease 239 56 In remission 
20 16 M Crohn's disease, pancreatitis 184 235 [n remission 
2] 16 M Chronic pancreatitis 39 342 Regular diet 
22 16 F CIIPS 45 383 Intermittent symptoms 
23 16 M Crohn's disease, growth failure 150 15 Ileal resection 
24 16 1/2 M Crohn's disease, diffuse disease 227 2] Relapse, on steroids 
25 16 1/2 M Short bowel syndrome, EC fistula 345 534 Low lactose diet 
26 18 F Crohn's disease, EC fistula 339 523 Regular diet 
PA 18 1/2 M Crohn's disease, short bowel 119 186 In remission 
28 19 F Cystic fibrosis 23 --Course unaltered-- 
29 19 1/2 M Crohn's disease, PBO} 106 76 In remission 
30 19 1/2 M Crohn's disease, PBO 124 286 Ileal resection 
3] 19 1/2 M CIIPS 786 Continues on HPN 
32 19 1/2 F Gastric adenocarcinoma 93 --Expired-- 
33 19 1/2 M Radiation enteritis, short bowel 69 Continues on HPN 
34 20 1/2 M Crohn's disease, EC fistula 213 Continues on HPN 


* CHIPS; chronic idiopathic intestinal pseudo-obstruction syndrome, *EC fistula; enterocutaneous fistula. {PBO; partial small bowel 


obstruction symptoms. 


Crohn's disease, one with cystic fibrosis, one with con- 
genital short bowel, one with radiation enteritis and 
one with the thrombocytopenia-absent radii (TAR) syn- 
drome, gastrointestinal bleeding and malnutrition. 

Of the 24 patients in whom HPN was discontinued, 
2] improved sufficiently in the course of their disease 
to permit resumption of oral alimentation. Three have 
maintained themselves on oral diets for more than 500 
days, and six for more than 200 but less than 500 days. 
The three patients who have been off HPN the longest 
period of time all had enterocutaneous fistula. Two of 
them, both of whom had Crohn's disease, were able 
to close the fistula with parenteral nutritional support 
alone. The third patient required surgical resection of 
his fistula; however, his short bowel adapted with HPN. 

Three patients whose resulting disease outcome was 
not significantly altered included a 2.5-year-old girl with 
CIIPS (her mother refused to continue the program 
because she believed this was "extraordinary" life 
support); a 19-year-old girl with cystic fibrosis (her 
catheter was discontinued early owing to thrombophle- 


bitis and no further catheter was placed); and a 19- 
year-old girl with widespread intra-abdominal metasta- 
ses secondary to gastric adenocarcinoma, who died 
within five months after the initial diagnosis. This pa- 
tient represents the only death in our series, and her 
death was unrelated to the HPN program. 

Although 15 of the 17 patients with Crohn's disease 
have discontinued HPN, seven of the 17 have already 
undergone more than one HPN treatment course be- 
cause of relapse of symptoms. In addition, five of these 
patients have required surgical procedures because of 
partial obstruction or unremitting symptoms near the 
completion of a HPN course. Despite these somewhat 
discouraging results, the nutritional parameters of all 
patients improved, as evidenced by normalization of 
serum albumin levels!* and weight gain. 

A unique benefit was observed in a 13'2-year-old 
girl with cystic fibrosis. During the one year before in- 
serting a Broviac catheter, she was hospitalized on 
five occasions for pneumonias, remaining 112 days. Al- 
though she gained only 1 kg in the subsequent year 
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(she received only 1500 cc of a 25% dextrose and 4.25% 
amino acid solution per night in addition to her intra- 
venous antibiotics every 12 hours), she was not hos- 
pitalized after this regimen was initiated. 


Sys — Regardless of the length of time on HPN, all patients 


* 


experienced weight gain sufficient to improve their per- 


centile standing on the standard growth charts. Changes 
in growth parameters are given in Table 3. Of the 29 
patients who received HPN for more than 60 days, six 
showed appropriate increases in body height and 17 


„others experienced "'catch-up" growth (greater than 


expected body height increases for age and sex). Of the 
six patients who experienced no height increase after 
more than 60 days of HPN, five were older than 18 
years and one received suboptimal parenteral nutrition 
(the 13.5-year-old girl with cystic fibrosis). 

Except for our six youngest patients, all were able 
to provide their own care (including cleaning the cath- 


"s eter and managing the infusion system). Regardless of 





Weight 
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the disease for which HPN was given, each of the — 
patients experienced a significant decrease in symptom- 
atology and improved state of general well-being while 
receiving HPN. Of the 19 children between seven and 
17 years of age, 16 attended full-time classes while re- 
ceiving HPN. The exceptions were a 16.5-year-old boy 
with massive small bowel resection and a large entero- 
cutaneous fistula, who required continuous suction of 
the fistula and therefore received home tutoring, and 
two patients who had fallen behind their classmates 
scholastically because of prolonged illness and thus 





also required home tutoring. 


Patients were encouraged to pursue normal peer- 
group physical activities and several participated in 
such athletic endeavors as swimming and tennis (once 
the Dacron cuff of the catheter was firmly attached 
with a fibrotic reaction, usually within three to four 
weeks after placement). Although most of the nine pa- 
tients between 18 and 21 years of age appeared to lack 


TaBLe 3. Changes in Growth Parameters with HPN 








Height 
Absolute (in kg) Percentile Absolute (in cm) Percentile 

Patient No.” Start End? Start End Start End Start End 
l 2.83 6.04 «3 10 51.5 65 5 40 
2 3.24 6.92 <3 25 53 62.5 <3 3 
3 4.3 8.4 10 50 49.5 65.5 <3 10 
4 3.53 6.1 <3 3 33 63 <3 3 
5 7.63 16.3 <3 30 76 94 «3 3 
6 8.12 9.76 <3 <3 75 78 <3 <3 
7 18.3 26.9. 3 60 115 117 3 3 
8 33 37.5 60 80 135 139 30 70 
9 28.2 37.2 10 SS 133 139 7 25 
I0 34.5 41.4 15 50 155 157 60 60 
11 36.2 42.5 17 35 135 155 50 50 
12 33.3 40.3 <3 10 136 14] <3 <3 
{3 25 26 <3 <3 142 142 a i 
14 53.4 62.9 60 65 160 167.5 3 40 
15 38.5 53 10 50 138.5 164 35 35 
16 47.5 54.8 30 50 168 170 75 15 
17 32.5 40.2 <3 3 140 145 <3 <3 
18 43.2 61.5 5 70 161 164 45 60 
19 52.5 70.1 10 60 164 173 10 30 
20 49 65 7 50 168 171 25 25 
21 46.5 81 3 8 169 170 29 30 
22 46.2 53 10 50 161 162 45 45 
23 37.8 48 <3 3 144.5 147.5 «3 «3 
24 55 Ths 15 60 178 181.5 65 80 
25 64 70 40 55 169 171.5 15 20 
26 40.5 52 <3 30 151 131 3 3 
27 42.7 SZ 3 55 162 167 45 73 
28 40 43 «3 3 158 158 17 17 
29 46.2 60.2 <3 10 167 167 8 8 
30 56.5 64 5 15 171 171 i5 I3 
31 40.5 67.3 «3 30 173 173 30 30 
32 46 50.3 5 20 155 156 $ 5 
33 33.4 48.6 <3 <3 170 170 10 10 
34 38.8 48 <3 <3 162 165.3 «3 3 


.. .* Patient No.: Patients are listed in the same order and may be 
identified by the same number as shown in Table 2. Start and End: 
Bu Refers to weight and height absolute and percentile standings at the 


start of HPN when the first Broviac catheter was inserted and at — 
the completion of HPN (or to the end of January, 1978 for those 
patients still receiving HPN). 
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TABLE 4. Duration and Complications of Broviac Catheters 
Sequential Complication 
Patient No. of Duration Leading to 
No. Catheter (days) Route” Removal 
1 I 143 + EJ 
2 I 25 EJ Migration 
2 99 +** 5 
3 I 158 + IJ 
4 l 90 + S 
§ l 199 IJ Thrombosis 
2 219 5 Thrombosis 
3 6 S Thrombosis 
4 96 + EJ 
6 l 180 EJ E + 
7 I 238 EJ Dislodged 
8 | 105 1J E 
9 1 72 C Subcutaneous leak 
10 I 237 C E 
11 I 61 EJ E 
12 I 309 x 1 C 
13 l 17 EJ Migration 
2 376 + EJ 
14 I 229 EJ Sepsis 
2 136 + EJ 
15 l 311 x EJ 
16 l 173 EJ E 
17 l 316 EJ Dislodged 
18 l 188 EJ Local infection 
2 124 EJ Local infection 
19 I 330 EJ Dislodged 
2 115 x EJ 
20 I 214 EJ Sepsis 
21 ] 47 EJ E 
22 I 45 EJ E 
23 1 165 EJ E 
24 ] 266 x C 
25 I 345 EJ E 
26 i 339 EJ Dislodged 
27 l 126 EJ E 
28 I 23 S Thrombophlebitis 
29 i 120 EJ E 
30 i 2 EJ Thrombosis 
2 421 x S 
31 I 17 EJ Sepsis 
Pa 109 EJ Migration 
3 7 C Local infection 
4 132 lj Dislodged 
5 357 S Local infection 
6 144 + S 
32 l 93 EJ Sepsis 
33 1 69 + EJ 
34 1 280 + EJ 


* EJ-external jugular; IJ -internal jugular; C~cephalic; S—saphe- 
nous route. **--—ongoing HPN. + E-elective catheter removal. 
ix-catheter remains in place although patient is not receiving HPN. 


a sense of direction in life, several pursued part-time 
work and/or continued education, and their daily life- 
styles were not significantly limited by the HPN 
program. 


Complications 


Solution-related. Clinical nutrient deficiencies were 
Observed in three patients. Two of seven who received 
the ámino acid solution for HPN developed a dermatitis 
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secondary to zinc deficiency.'* The dermatitis resolved 
in one child after changing to a casein hydrolysate solu- 
tion and in the other after resumption of a full oral 
diet. The third patient, a 19-year-old boy with CIIPS, 
developed a dermatitis secondary to EFA deficiency 
after prolonged HPN without receiving Intralipid.” 
He also developed neutropenia and anemia secondary 
to copper deficiency which resolved with increased 
copper supplementation of his casein hydrolysate solu- 
tion.? No major electrolyte abnormalities were noted 
during the HPN program, although one 18-year-old girl . 
with Crohn's disease and short bowel syndrome de- 
veloped hypomagnesemia subsequent to discontinuing 
the program and now intermittently requires intra- 
venous magnesium supplementation. 

Catheter-related. A summary of the clinical ex- 
perience with the Broviac catheters is presented in 
Table 4. A total of 48 catheters have been placed in 
the 34 patients. In 18 patients, once HPN was dis- 
continued, the catheter was left in place for periods 
of 1-299 days. This extends the total catheter ex- 
perience to 7893 days. Five patients, all of whom have 
Crohn's disease, continue to maintain their catheters 
by a once-daily cleaning and aseptic injection of heparin. 

Catheters were removed in 15 patients, on 22 oc- 
casions for complications including dislodgment (5), 
thrombosis (4), sepsis (4), local infection at the catheter 
exit site (4), migration of the catheter to an inappro- 
priate-sized vein (3), subcutaneous catheter leak (1) 
and thrombophlebitis (1). Of the 22 catheters removed 
for complications, the average duration of placement 
was 149 days. Catheters were electively removed at 
the completion of a HPN treatment course, and after 
initiating full oral alimentation on 11 occasions with 
an average duration of 146 days. Of the 15 catheters 
currently in place, the average duration is 192 days. 
In 19 of the 34 patients, no catheter-related complica- 
tions were encountered. 

The total catheter removal rate for complications 
was only one per 359 days and the removal rate for 
sepsis approaches only one in 5.5 years. The septic 
episodes in our patients stemmed from Candida par- 
apsilosis (2) and Staphylococcus aureus (2). Once the 
catheter was removed and no chemotherapy was re- 
quired, fever defervesced within 48 hours in both pa- 
tients who had Candida sepsis. Intravenous antibiotics 
were administered to those with Staphylococcus sepsis 
after catheter removal, and neither had complications. 


Discussion 


HPN is a safe, simple, and effective means of main- 
taining optimal nutrition in pediatric patients with 
severe digestive tract disorders. Although certain chil- 
dren may require HPN indefinitely, others may have 
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sufficient intestinal healing and adaptation to permit 
gradual resumption of total enteral alimentation. 

The soundness of the HPN program is verified by 
the relatively low incidence of complications, the ma- 
jority of which were related to the catheter; only one 
catheter removal was required in 12 months of use. 
Riella, using a similar catheter, reported a removal rate 
of one per 13.9 months," while Jeejeebhoy, employ- 
ing a different silastic catheter, had a removal rate of 
one per 28 months.’ These removal rates are less than 
those generally reported for long-term inpatient par- 
enteral nutrition. We believe that success with the 
Broviac catheter stems from four factors: 1) The pa- 
tients and parents are carefully taught how to care 
for the catheter; they have a vested interest and are 
totally responsible for this ‘‘lifeline’’. 2) The fibrous 
adhesions forming around the Dacron cuff in the sub- 
cutaneous tunnel may act as a mechanical barrier to 
infection in addition to anchoring the catheter in place. 
In contrast, standard catheters must be sutured in place 
and chances for accidental dislodgment increase over 
'a period of time. 3) Once discharged, the patients are 
no longer exposed to the more virulent hospital flora. 
4) The siliconized rubber material of the catheter is 
less irritating to veins than are the standard poly- 
ethylene catheters." 

This last point is confirmed in our series inasmuch 
as only three patients developed thrombotic or throm- 
bophlebitic problems. Both patients with catheter 
thrombosis had several previous nonsilastic catheters 
placed for prolonged periods of inpatient parenteral 
nutrition which may have contributed to this com- 
plication. Findings of venograms for these two chil- 
dren have been helpful in selecting other catheter sites, 
although venograms have not been routinely obtained 
for other patients to detect possible thrombus propaga- 
tion. 

The saphenous vein in the groin has served as a safe 
and reliable insertion site for catheter placement, par- 
ticularly in patients in whom other entry sites are un- 
available. In infants, where it is more easily accessible 
than the external jugular vein, use of the saphenous 
vein permits light general anesthesia without endo- 
tracheal intubation. Although four of eight saphenous 
vein catheters were removed because of complications 
(Table 4), the removal rate of one per 340 days of 
total saphenous-placed catheter experience is nearly 
identical to the entire series removal rate for complica- 
tions of one per 359 days. 

Leaks in the external portion of the catheter from 
repeated clamping at the same site or breakage of the 
male infusion adaptor in the Luer lock of the catheter 
occurred in five patients. The external portion of the 
Broviac catheter may be spliced if it cracks or is severed 
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by utilizing a catheter repair kit* and sterile technique 
on an outpatient basis. 

The simplicity and reliability of the HPN program 
are reinforced by a standard delivery system, phar- 
macy compounding of solutions, and the services of a 
hyperalimentation nurse to assist in patient, nursing 
and physician education as well as supervision of the 
program. The volumetric IMED infusion pump is pre- 
ferred for the delivery system in contrast to the Holter 
pump!* or pneumatic pressure infusion system.” The 
rate and volume may be present and the alarm systems 
of the IMED help to allay initial patient anxiety and 
serve as a double check on infusion technique. In addi- 
tion, a rechargeable battery which will function for 42 
hours permits increased patient mobility and reduces 
dependency on availability of electricity. A new model 
of the pump will allow infusion of up to 9,999 cc before 
it has to be reset. Thus, a typical 2 ] bottle can be 
infused over nearly seven hours before the patient is 
awakened to change bottles. The development of a 31 
non-leaching plastic infusion bag could extend the night's 
sleep and simplify the system. 

Although patients can mix their own solutions at 
home to save on the expense ($6.00 per day) and allow 
greater mobility,? we prefer to have the hospital phar- 
macy mix the solutions because this assures better qual- 
ity control, safety from accidental contamination, and 
time saving. The few hours that patients spend every 
two weeks picking up mixed solutions from the phar- 
macy is less than the 30—60 minutes each day that is 
necessary for home formulation. Although HPN is 
costly, from $1500/month for an infant to $3000/month 
for an adolescent, pharmacy mixing of solutions con- 
tributes only 10% to the total cost and aids in simplify- 
ing the HPN program. Indeed, the net savings from 
avoiding hospitalization average $3—$5,000/month, de- 
pending upon the need for special nursing care. 

The effectiveness of the HPN program stems from 
the patients’ ability to resume an almost normal life- 
style at home as well as an improved nutritional status. 
Moreover, the increase in height and "'catch-up" 
growth was as encouraging in our adolescents as in 
our infants. Weight gain in all patients was expected, 
since all received adequate protein and calories to main- 
tain positive nitrogen balance.? The progress of the 
patient with cvstic fibrosis should stimulate further in- 
terest in HPN as a treatment plan for patients with 
this disorder. 

After several weeks of HPN, many patients reported 
hunger, which a minimal intake of clear fluids usually 
satisfied. This hunger appeared to be psychological 
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rather than physical in origin. Several children oc- 
casionally consumed solid meals despite their restric- 
tions, especially in the later stages of their ongoing 
HPN. Others were not conscientious about applying 
safflower oil to their forearms. Notwithstanding these 
abberations, clinical EFA deficiency occurred in only 
one patient. 

The nine patients who have been off HPN for longer 
than 200 days are unlikely to require further parenteral 
nutrition. On the other hand, occasional patients with 
Crohn's disease have had intermittent relapses and re- 
quired second and third courses of HPN. Neverthe- 
less, the need for wide intestinal resection has been 
reduced and surgical complications have been minimal 
when pre- and postoperative parenteral nutrition were 
prescribed for varying periods. Long-term parenteral 
nutrition promises to be a highly effective method of 
treating patients with Crohn's disease.*!! 

Based upon our experience, it appears that infants 
and children who are confronted with the prospect of 
long-term hospitalization for total parenteral nutrition 
should try an HPN program. The duration and expense 
of hospitalization as well as the morbidity associated 
with inpatient total parenteral nutrition will be re- 
duced. Finally, the patients and their families will bene- 
fit psychologically by being at home and resuming rela- 
tively normal lives. 
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chronic form, which may require either complete or supplemental 
ambulatory hyperalimentation. "complete" meaning that all nutrients 
are received exclusively intravenously. The supplemental, as 
Dr. Ament described. are those who require intravenous in addition 
to what they can absorb in their shortened gut. 

Of course, if the patient has any gut at all. we still haven't 
realized the potential for bowel adaptation, and are learning more 
about this every day. We have already fed patients at home with 
chronic hyperalimentation on an ambulatory basis. 

(Slide) We're now getting into the acute type, in which the pa- 
tients can be on the home hyperalimentation for a period of time, 
and then off it, as a way of reducing costs. They have been able 
to reduce the cost of home hyperalimentation ration to $40 a day: 
that's a reduction of quite a few percentage points over what it 
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might cost now. Some people tell me it costs them as much as $300 
a day for home hyperalimentation, all the way down to about $70, 
which is what it costs in our institutions, but we're now reducing 
that to even lower numbers. 

Adding this to chemotherapy, radiation therapy or combination 
therapy has a great deal of promise. and we're already doing 
that, because after all, the hospital for those patients is a high- 
priced hotel. If you can feed them adequately while they re ambula- 
tory, you can certainly reduce their costs and get better thera- 
peutic results. 

(Slide) Here's our first home hyperalimentation lady, a lady 
whom Dr. Rhoads operated on when he was our first visiting 
professor at the University of Texas Medical School. She had 
carcinoid syndrome, and as a followup to Dr. Thompson's earlier 
remarks in discussing a previous paper, she is now 26 months at 
home on hyperalimentation, with a jejunal carcinoid that had ex- 
tended into the retroperitoneal space, and sacrifice of the superior 
mesenteric artery was necessary. She has her duodenum anasto- 
mosed to her right transverse colon; this was her first picture, as 
she was really going home, and the first vest she had. 

(Slide) This was about eight months later, on a different version. 

(Slide) Here she is at 18 months, and (slide) here she is just 
last week, with a new vest. We have now miniaturized the pump 
and battery pack significantly and improved the vest, so that it's 
more pleasant for patients to wear, adaptable or adjustable to some 
extent, and, of course, it can be hidden under their clothing. if they 
like. The lady is 66-years-old now, and doing quite well. 

(Slide) The vest on the left was rather crude and we have tried 
to miniaturize the pumps and the battery pack in order to make this 


more tolerable for the patient. The battery pack on the left con- 


tains six of the regular C-type batteries, and we have one in the 
middle which is a little bit lighter, and now we have made it smaller. 
I have been talking to engineers, who tell me that they won't be 
satisfied until they can make the pumps small enough to swallow, 
So apparently the miniaturization and less weight will be some- 
thing to obtain in the future. 

(Slide) Here's an upper g.i. series of a man who only had three 
feet of small bowel in the first place, and had complete obstruction of 
the duodenum from a recurrence of his granulomatous disease. 
Here's the ligament of Treitz, with barium that was put up retro- 
grade, so he has about a 4-inch-long segment of complete 
obstruction. 

(Slide) Here's what he looked like at the time we sent him home. 
He was three weeks on hyperalimentation in the hospital, and we 
sent him home for seven months on home hyperalimentation. His 
obstruction abated completely. 

(Slide) Here's what he looked like seven months after we sent 
him home. He gained 70 lbs., made all of his solutions himself, in 
addition to caring for his catheter, and got complete remission of 
his disease, which saved him an operation. I don't know how long 
he'll be in remission, but certainly for the moment, he's had salvage 
of his bowel. 

(Slide) Here's a man with Gardner's syndrome, who weighs 158 
Ibs. here, with his vest, about to go home. 

(Slide) Here's his total bowel. This is actually his stomach, 
duodenum, and then just past the ligament of Treitz his jejunum 
is anastomosed to his sigmoid colon. That's his total bowel, foi- 
lowing operation at M. D. Anderson Hospital by Dr. Marvin 
Rumsdahl. 

(Slide) This is six months afterward, on home hyperalimentation. 
This is just to show he can take his vest off. if he wants to. Our 
catheter we bring out in an adult at the xiphoid, about 14 inches 
from the eyeball, so that that's about where you focus, and it's 
easier for them to care for. 

(Slide) Here he is again, gaining weight. He went from 158 Ibs. 
to 200 Ibs., which is what he weighs right now and is doing very 
well. We just saw him last week. 

(Slide) The last point I want to make is cost-effectiveness. The 
Blue Cross- Blue Shield people you might think would be opposed 
to something like this, but they actually brag about it. They call 
him the $6 million man of Wolfert, Texas. and the national magazine 
has just picked this up. and Perspectives will publish another 
article on him in the National Blue Cross- Blue Shield, showing 
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that it’s cheaper to treat these patients at home than in the hospital. 
We're looking down the line at the development of this as an adjunct 
to care of patients who have an inadequate g.i. tract, or no g-i 
tract at all, and we hope that with the development of new tech- 
nology and new applications of this technique on an ambulatory 
basis it really will be cost-effective. I think in a country that can 
afford a billion-dollar home dialysis program, we can certainly 
afford some kind of catastrophic care for patients who through a 
quirk of fate lose all or most of their g.i. tract; because these 
people, after all, are able to work and function and have excellent 
mentation. They just can't eat. 

Again, I'd like to congratulate the authors for their pioneering 
work in the pediatric area. 


Dr. SEsHADRI Rasu (Jackson, Mississippi): We in Jackson have 
also been most favorably impressed by the possibilities of chronic 
home hyperalimentation. 

(Slide) This 17-year-old young man presented to us last year with 
volvulus and gangrene of his mid-gut. After an extensive resection, 
we anastomosed the third part of his duodenum to the mid-transverse 
colon. The fourth part of the duodenum, all of his small bowel and 
the proximal colon were gangrenous and had to be resected. 

He recovered from surgery, and we instituted home hyperali- 
mentation system on the Toronto model. We used a simple air 
driven system, utilizing Fenwall pressure infusion bags. A simple 
turn of the reduction valve at the cylinder head activates the 
whole system (Slide) and maintains a predetermined pressure con- 
tinuously in the infusion bags, and this eliminates all possibility of 
air embolism. 

(Slide) It's been a year and a month since surgery. and this 
patient sent us this photograph of himself recently. He works 
during the daytime as an automobile mechanic, and at night hyper- 
aliments himself successfully with the system that was provided. 


Dr. Eric W. FONKALSRUD (closing discussion): I'd like to extend 
our appreciation to Dr. Dudrick, and particularly to Dr. Rhoads, for 
developing this whole technique of intravenous hyperalimentation. 
I believe this has been one of the great developments in surgery 
and in medicine during the past decade. It certainly has altered the 
course of a great number of patients with intestinal disease and has 
given them a positive outlook. 

The cost of health care is a continuous problem. as we have 
heard on several occasions during the course of our program, and 
this is just one attempt to reduce the total cost of managing some 
patients who have long-term serious gastrointestinal problems. 
Furthermore, the home hyperalimentation program takes the patient 
away from the hospital environment, allowing him to return to more 
useful daily activity. Many patients who have the catheters in place. 
receiving fluids only during a 12-to-14-hour period (primarily 
throughout the night), are able to participate in school activities, 
sports, swimming, tennis and so forth, inasmuch as they do not have 
to lie in bed adjacent to an intravenous infusion pump or, in fact, 
wear the belt or the jacket which Dr. Dudrick has shown us. 

Although some patients have developed hypoglycemia during this 
period, we have made special adaptations to prevent this from 
occurring. 

Of particular interest is the fact that several patients have adapted 
to their short bowel syndromes during the course of home hyper- 
alimentation. This is especially true of patients with Crohn's disease. 
who may have as little as 40% or even less of their bowel remaining. 
They may over the course of several months or a year gradually 
be able to resume limited oral feeding, and then gradually their 
hyperalimentation solutions will be decreased. By the end of a year 
or two, many such patients are once again on total oral nutrition, 
and the catheters can be removed. We feel that this is one of the 
most appropriate areas for the use of hyperalimentation. 

When the cost of home hyperalimentation is compared to the cost 
of renal dialysis, HPN is less expensive. Moreover, we believe 
that the cumbersome nature of the dialysis program makes it more 
difficult to manage than the hyperalimentation. š 

We would also like to extend our appreciation to Dr. Raju 
for telling us about his clinical experience with his patient. 
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This is a report of surgical treatment of thoracoabdominal 
aortic aneurysms and aneurysms of the abdominal aorta from 
which the visceral vessels arise during the 18 year period from 
April 5, 1960, to April 20, 1978. The extent of aneurysm is 
divided into five groups. Group I (10 patients) involved most 
of the thoracic and abdominal aorta down to celiac axis. Group 
II (22 patients) involved most of the thoracic and abdominal 
aorta distal to left subclavian artery. Group HI (20 patients) 
were those with lesser involvement of the thoracic aorta and 
most of the abdominal aorta. Group IV (18 patients) with 
involvement of the entire abdominal aorta and Group V (12 
patients) with involvement of lower abdominal aorta and renal 
arteries. Treatment in the majority of these cases was by graft 
inclusion technique with visceral vessel reattachment by direct 
suture of orifice to openings made in the graft. Intercostal 
and/or lumbar arteries were also reattached in some with the 
more extensive lesions. Aortic and renal artery occlusion times 
varied from 15 to 155 minutes. Paraplegia developed in five 
patients with the more extensive lesions but was reduced to 
one-third and made less severe by reattaching intercostal and 
lumbar arteries. Renal dysfunction was mild in four patients 
and severe in three patients after operation. All these were 
transient except one who died while recovering from renal 
failure. The latter cases were those difficult to reattach or 
were not initially successful and required reoperation. Of the 
82 patients, 77 (94%) survived operation and long-term follow- 
up was obtained in 95% of cases, 23 performed over five years 
ago. Actuarial curves were constructed and compared to sur- 
vival curves following simple infrarenal abdominal aortic re- 
section. The survival rate both immediately and at six vears, 
were the same. 


NEURYSMAL DISEASE of the aorta rarely involves 

X the segment of abdominal aorta from which the 
renal, superior mesenteric, and celiac axis arise. When 
these vessels are involved, the aneurysm may be thoraco- 
abdominal, involving segments of varying length of the 
descending thoracic aorta and abdominal aorta, or it 
may be truly abdominal in location, being confined to 
the aortic segment below the diaphragm involving one 
or more of these arteries. These aneurysms pose the 
most difficult challenge to treatment, owing to the dif- 


Presented at the 98th Annual Meeting of the American Surgical 
Association, Dallas, Texas, April 27, 1978. 


From the Departments of Surgery, Anesthesiology, and 
Radiology, Baylor College of Medicine and 
The Methodist Hospital, Houston, Texas 





ficulties of exposure, the need to minimize the period 
of visceral organ ischemia required for operation, the 
technical problem of aortic and arterial reconstruction 
needed for permanent restoration of circulation, the 
avoidance of paraplegia, and the control of hemorrhage 
both during and after operation. 

The feasibility of successful therapy in such cases 
was demonstrated first by Ellis and associates in a 
patient with lower abdominal aortic aneurysm that in- 
volved the origin of the right renal artery.'? The in- 
volved renal artery in this case was successfully re- 
attached in July 1954 using a side arm arterial homo- 
graft arising from the aortic homograft. In September 
1954, Etheredge and associates successfully replaced 
a large upper abdominal aortic aneurysm involving the 
celiac and superior mesenteric arteries using an aortic 
homograft to which the ends of the celiac axis and 
superior mesenteric arteries were attached directly." 
The region of operation was temporarily bypassed dur- 
ing excision and grafting with a polyethylene tube. In 
October 1955, DeBakey and associates successfully 
replaced a more extensive aneurysm involving the 
distal thoracic and upper abdominal aorta including the 
origins ofthe celiac axis, superior mesenteric, and renal 
arteries.'* Reconstruction in this case was performed 
using a temporary shunt and consisted of inserting an 
aortic homograft with appropriate arterial branches. 
which were sutured end-to-end to the involved vessels, 
after the aneurysm had been excised. Subsequently, 
DeBakey introduced the technique of permanent dacron 
aortic bypass with visceral arterial reattachment to ap- 
propriately located side arm grafts using smaller dacron 
tubes in a sequence that limited visceral arterial oc- 
clusion time starting with the left renal artery where 
occlusion times ranged from 10 to 30 minutes.!! 
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Although the mortality in 42 patients reported in 1965 
was 26%, this was the most extensive experience and 
the best results available; consequently, this procedure 
became the accepted method of treatment for these ex- 
terisive lesions.!:15.20.23.26 

After some experience with this operation, the senior 


~ author, attempting to simplify the treatment of these 


lesions, adopted a new approach in 1965 which com- 


_ bined three technical principles developed by others for 


E 


_ application in different situations. These techniques 


were: 1) graft inclusion without aneurysm resection as 
advocated by Javid, et al. in the treatment of infrarenal 
aortic aneurysms, 2) preservation of spinal cord cir- 
culation by restoration or maintenance of intercostal 
and/or lumbar artery circulation as suggested by 

. Spencer in experimental studies in dogs, and 3) reat- 
tachment of celiac axis, superior mesenteric, and renal 
arteries by direct suture of vessel orifice to openings 
made in the graft, a technique first suggested experi- 
mentally by Carrel and Guthrie in 1906 for organ artery 
reattachment and later in clinical settings by DeBakey, 
Connolly and others.?:*9.16:1725 A series of 28 patients 
treated for aneurysms of this type was presented in 
1973.» Of these 28 patients, 26 (92%) survived. Treat- 
ment in the majority was by application of the new ap- 
proach which was not only simpler, but more easily 
applied, and associated with fewer complications. The 
purpose of this report is to update the experience in the 
treatment of these extensive lesions in 82 patients with 
emphasis upon operative technique adapted to extent 
and nature of disease, the presence of associated aortic 
and arterial lesions, the effects of operation on renal 
function, and the occurence and prevention of spinal 
cord dysfunction. 


Clinical Material 


There were 69 males and 13 females in the series. 
The ages ranged from 23 to 83 years with the majority 
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TABLE 1. Thoracoabdominal and Abdominal Aortic Aneurysms 
Involving Celiac, Superior Mesenteric, and Renal Arteries 


Group Involvement No. Cases Paraplegia Survival 
I Thoracic and abdom- 
inal aorta without 
vessels 10 0 10 (100%) 
II Most descending tho- 
racic and abdominal 
aorta with vessels 22 5 (23%) 20 (91%) 
II] Distal thoracic and ab- 
dominal aorta with 
vessels 20 0 18 (90%) 
IV Abdominal aorta with 
vessels 18 0 17 (94%) 
V Renal only 12 0 12 (100%) 
Total 82 5 (6%) 77 (94%) 


being in their 60’s and 70’s (Fig. 1). The average age of 
the female was significantly greater than the male and 
was dependent upon the nature of the aneurysm. The 
etiology of aneurysm was trauma in one, mycotic (in- 
fected arteriosclerotic) in one, syphilis in two, cystic 
medial necrosis in seven, dissecting in nine, and athero- 
sclerotic in 62 patients. The typical Marfan’s syndrome 
was present in five patients with extensive lesions, 
three with dissection and two with cystic medial 
necrosis. The last patients, and those with dissection, 
and cystic medial necrosis, were in the younger age 
groups and all except one were males. 


Extent of Aneurysm 


The extent of aneurysm was variable, dependent 
upon etiology, and determined the method of therapy. 
For simplicity in subsequent discussion, the patients 
are divided into five groups according to extent of dis- 
ease (Table 1). 

In Group I were ten patients in whom the aneurysm 
was of arteriosclerotic origin, fusiform in nature, and 
involved most of the descending thoracic aorta and 
the upper abdominal aorta down to and including the 
circumference of aorta behind the celiac axis (Fig. 2). 
In Group II, there were 22 patients who had aneurysms 
involving all or most all of the descending thoracic and 
abdominal aorta (Fig. 3). The iliac arteries were in- 
volved in five patients and visceral artery origin was 
involved in all of these cases. In eight of these, the 
aneurysm was chronic dissection resulting from diffuse 
dissection occurring from two to six years previously 
(Figs. 4, 5). An important consideration in therapy was 
the fact that segments of the descending thoracic aorta 
starting at the left subclavian artery had been replaced 
previously at the time of onset. The ascending aorta 
and aortic valve had also been replaced in two patients 
(Fig. 4). Dissection in these cases was classical, in- 
volving the anterior two thirds of aortic circumferencé, 
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Fic. 2. Illustrations of patients with thoraco-abdominal aortic aneu- 
rysm involving descending thoracic aorta and upper abdominal 
aorta down to the origin of the celiac axis. (a) Diagram and aorto- 
gram made before operation showing extent of aneurysm (b) Dia- 
gram and aortogram made after operation showing inclusion graft 
in place and method of replacing aorta behind the celiac axis. 


sparing most of the intercostal arteries in the chest, and 
involving the left lateral half to two-thirds of aortic 
circumference in the abdomen in seven, and the right 
lateral two-thirds in one. The left renal artery arose 
from the false lumen in the former and the right renal 
artery arose from the false lumen in the latter. The 
superior mesenteric and celiac axis origins were in- 
volved to minor degrees in some. The most significant 
pathological feature of these cases was the pronounced 
dilatation of the outer wall of the false lumen which 
had progressively developed during the years after 
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onset. The aneurysm was of other cause and fusiform in 
nature in the remaining 14 patients in this group (Fig. 3). 
Infrarenal aortic aneurysms had been replaced pre- 
viously in five of the latter patients. In Group III, there 
were 20 patients in whom the aneurysm was fusiform 
in nature and involved half or less of the distal descend- 
ing thoracic aorta and the abdominal aorta, including - 
origins of the visceral arteries (Fig. 6). In Group IV, 
there were 18 patients in whom the aneurysm was con- 
fined to the abdominal aorta and involved the origins - 
of all visceral arteries (Fig. 7). The aneurysm was 
sacciform in nature and involved only the posterior cir- 
cumference of aorta behind the origins of the visceral 
arteries in four of the latter patients. The etiology of 
these was syphilis in two, atherosclerosis in two, and 
infected atherosclerosis in one patient. The aneurysm 
was fusiform in nature and involved the entire circum- ` 
ference in the remaining 14 patients in this group. Ex- 
tensive fusiform aneurysms of the descending thoracic 
aorta had been removed previously in four of these pa- 
tients (Fig. 8). There were 12 patients in Group V in 
whom the aneurysm was fusiform in nature and involved 
the lower abdominal aorta including the origin of one or 
both renal arteries. 

Associated lesions of the visceral arteries were com- 
mon, being present in 16 (22%) of the 71 patients in 
whom the aortic aneurysm involved the origins of the 
visceral vessels. Four patients had aneurysms; in two, 
bilateral aneurysms of the main renal artery, and in one 
the aneurysm involved the celiac axis, and in the fourth 
patient, a sacciform aneurysm involved the distal seg- 
ment of superior mesenteric artery (Fig. 8). Occlusive 
disease was present in the renal arteries in seven pa- 
tients, two of whom had had previous nephrectomy 
(Figs. 6, 15, 18). Similar lesions were present in the 
celiac axis and superior mesenteric arteries in five pa- 
tients (Figs. 6, 9, 18). 


Clinical Manifestations 


Most aneurysms in this series were symptomatic 
with chest, abdominal, and back pain being the pre- 
dominant symptoms. Pain was due to pressure on adja- 
cent structures or rupture in most cases. The degree 
of compression is evident from the frequency of vertebral 
body erosion occurring in ten patients. In one, erosion 
had occurred all the way into the neural canal, causing 
intermittent neural compression and transient neuro- 
logic deficits in the lower extremities (Fig. 10). Pos- 
terior spinal column stabilization operation using Har- 
rington metal struts was performed two weeks before 
the aneurysm was resected to avoid injury to the spinal 
cord during positioning for the latter operation. More- 
over, spinal stabilization was re-enforced with bone 
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Fic. 3. Illustrations of treat- 
ment in patient with exten- 
sive thoraco-abdominal 
aortic aneurysm. (a) Dia- 
gram and aortogram made 
before operation showing 
location and extent of aneu- 
rysm (b) Diagram and aorto- 
gram made after operation 
showing inclusion graft with 
reattached intercostal and 
visceral arteries. 


graft from the iliac crest to vertebral body at the time 
of aneurysm operation. The most troublesome erosion 
pain (back pain) occurred in a patient with an infected 
arteriosclerotic aneurysm (Fig. 11). This patient had 
had replacement of infrarenal abdominal aortic aneurysm 
five years previously with graft removal later because of 
graft infection. The proximal (infrarenal) and distal iliac 
segments were closed by suture and leg circulation 
maintained by axillo-femoral grafts. Suppressive anti- 
biotic therapy was given intermittently to control re- 
current infection in the region of aortic operation. 
Eventually, a large sacciform aneurysm developed in 
the aortic stump behind the visceral arteries. This 
aneurysm became infected and caused erosion and 
osteomyelitis of the adjacent vertebral bodies. The in- 
fection was again suppressed and the aneurysm suc- 
cessfully resected. Exposure of the aneurysm required 
transsection and reanastomosis of the left axillofemoral 
bypass graft. The patient continues to do well two and 
one-half months after operaiton on suppressive anti- 
biotic therapy. 

Rupture had occurred in 12 patients; into adjacent 
structures in eight, into the right chest in one, into 
the peritoneal cavity in two, and into the duodenum 
in one patient. Associated conditions other than 
aneurysmal disease were common with some form of 
heart disease in 20 (25%), hypertension in 15 (18%), 
chronic fibrotic obstructive pulmonary disease in 18 
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(2276), peripheral occlusive vascular disease in ten 
(12%), duodenal ulcer in three, chronic renal failure 
from nephrosclerosis requiring chronic hemodialysis in 
one, and one patient had horseshoe kidney with mul- 
tiple renal arteries (Fig. 12). 


Treatment 


Treatment varied with the nature, extent, and loca- 
tion of aneurysm and the period of therapy. Early in 
the experience, modifications ofthe DeBakey procedure 
were employed in four patients with extensive involve- 
ment of the descending thoracic and abdominal aorta 
including the segment from which the visceral vessels 
arose. One of these patients died and operation was 
complicated by paraplegia in one survivor and in the 
patient who died. Paraplegia was thought to have been 
avoided in two by preserving most of the distal ab- 
dominal aorta in one and by reattaching lumbar arteries 
in the other.^* Throughout the study, excision and 
patch graft repair was considered preferable and em- 
ployed in four patients in this series who had sacciform 
aneurysms involving the posterior circumference of ab- 
dominal aorta behind the visceral vessels.^5 Primary 
infrarenal abdominal aortic aneurysms in 12 patients 
(Group V) that also involved the origins of one or both 
renal arteries were treated by graft inclusion techniques 
and renal artery reattachment accomplished by one 
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Fic. 4. Illustrations of patient with dissecting aortic aneurysm 
diffusely involving the thoracic and abdominal aorta who had had two 
segments of the descending thoracic aorta replaced previously by 
grafts presenting with aortic insufficiency and painful thoraco- 
abdominal aortic aneurysm. (a and b) Diagram and aortogram show- 
ing extent of residual dissection (c and d) Diagram and aortogram 
showing aortic valve, ascending aortic graft, and thoraco-abdominal 
aortic grafts in place with reattached visceral branches. (e) Aorto- 
gram and diagram showing method of aneurysmal replacement of 
segment of thoracic aorta preserving origins of intercostal arteries 
(f) Aortogram and diagram showing method of preserving lumbar 
arterial blood flow. 
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Fic. 5. Illustrations of patient with dissecting aortic aneurysm diffusely involving the descending thoracic and abdominal aorta. The upper 
descending thoracic aorta had been replaced previously by graft. (a) Diagram and aortogram showing extent of residual aneurysm with left 
renal artery arising from false lumen (b and c) Method of aneurysmal replacement preserving intercostal and lumbar blood flow and 
reattaching visceral arteries (d) Diagram and aortogram after operation showing aortic reconstruction. 


of three methods, dependent upon the degree of arterial 
involvement and ease of operation, as previously de- 
scribed.? When aneurysmal disease extended out into 
the renal artery trunk, as it did in three patients, re- 
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FiG. 6. Illustrations of pa- 
™- tient with thoraco-abdom- 
inal aortic aneurysm with 
bilateral renal artery oc- 
clusion and complete ob- 
struction of the superior 
mesenteric artery with good 
collateral circulation and no 
gastrointestinal symptoms 
showing treatment by graft 
inclusion, endarterectomy 
of both renal arteries, and 
preservation of superior 
mesenteric artery collateral 
circulation. (a) Diagram and 
aortogram before operation 
showing extent of aneurysm 
and location of occlusion 
(b) Diagram and aortogram 
after operation showing in- 
clusion graft and vessel re- 
attachment with patent 
renal arteries. 


construction was accomplished by insertion of 8 mm 
knitted Dacron® grafts from the side of aortic graft 
to the uninvolved distal end of the renal arteries. In nine 
patients, only the renal artery origin was involved, and 
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Fic. 7a. Illustrations of patient with large abdominal aortic aneu- 
rysm involving origins of the visceral arteries. (a) Diagram and aorto- 
gram made before operation showing extent of aneurysm partially 
filled with clot. 


the renal artery was reattached in five of these by button 
technique, as described by Carrel, and in four patients 
by direct orifice suture to an opening made in the side 
of the aortic graft.? 

Aneurysms in Group I involving the descending 
thoracic aorta and upper abdominal aorta to the level of 
the celiac axis in ten patients were approached through 
a posterolateral thoracic incision in the seventh inter- 
costal space. The abdominal segment of aneurysm was 
exposed by enlarging the aortic hiatus of the diaphragm. 
The aorta was clamped proximally and distally. The 
aneurysm was incised longitudinally and a graft in- 
serted inside the aneurysm, as previously described.’ 
When the aorta behind the celiac axis was involved, 
this was removed and the graft bevelled. The bevelled 
end of the graft was then sutured behind the celiac 
axis (Fig. 2). The aneurysmal wall was then closed 
around the graft. Intercostal artery reattachment was 
not performed in these cases because extensive ex- 
perience with treatment of descending thoracic aortic 
aneurysms by this technique has indicated that para- 
plegia is a very rare complication (Table 1).* 

More extensive aneurysms (Group II and III) in- 
volving the descending thoracic and abdominal aorta, 
including the segment from which the visceral vessels 
arise, are exposed through a thoracoabdominal in- 
cision, made in the seventh or eighth intercostal space 
and extended across the costal arch to the midline of 
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the abdomen and then down the midline to the pubis. 
Aneurysms involving the abdominal aorta from which 
the visceral vessels arise (Groups IV and V) are ap- 
proached through a long midline abdominal incision 
in the supine position. Aneurysms involving both the 
abdominal aorta and the most distal segment of the 
descending thoracic aorta (Group III) may also be ap- 
proached through an abdominal midline incision which 
may be desirable in the patient with limited lung func- 
tion. In such cases, the descending thoracic aorta is 
exposed through a second incision made in the dia- 
phragm. Aneurysmal exposure and operation in Group 
V patients is performed anteriorly, as is commonly. 
done for infrarenal aortic aneurysms, except that the 
aorta is clamped proximally in the aortic hiatus of the 
diaphragm.‘ The abdominal aortic segment of aneurysm 
in Groups II, III, and IV are approached posteriorly 
in the retroperitoneal space as described by DeBakey 
and associates.'' The peritoneum in the left gutter is 
incised lateral to the left colon with cautery and ex- 
tended above to the esophageal hiatus and below to the 
brim of the pelvis. A relatively avascular plane in the 
retroperitoneal space adjacent to body wall is entered 





Fic. 7b. Diagram and aortogram made after operating showing in- 
clusion graft and attached visceral vessels. 


Vol. 188 e No. 3 


Fic. 8. Illustrations of pa- 
tient with separate aneu- 
rysms of the descending 
thoracic aorta and the entire 
abdominal aorta. (a) Dia- 
gram and aortogram before 
operation showing location 
and extent of aneurysms 
(b) Diagram and aortogram 
made after operation done 
in two stages removing the 
thoracic aneurysm first 
showing grafts in place and 
persistence of intercostal 
arteries in the intervening 
normal distal thoracic aorta. 


and dissected up to the diaphragm, down to the ab- 
dominal aortic bifurcation, and medially to the pos- 
terior edge of aneurysm adjacent to the vertebral col- 
umn. The viscera, including the left colon, left kidney, 
spleen, body and tail of pancreas, and fundus of stomach, 
are retracted upward and to the right. Lung retraction 
for exposure of an aneurysm involving long segments of 
descending thoracic aorta is more easily accomplished 
by obstructing the left main stem bronchus and col- 
lapsing the lung, using a bifurcation double lumen endo- 
tracheal tube. 

The proximal uninvolved aorta is exposed by minimal 
dissection for proximal circulatory control. Unin- 
volved distal aortic, iliac, or femoral artery segments 
are similarly exposed. Then, without heparin, shunts, 
hypothermia, or organ perfusion, circulation through 
the aorta in the region of operation is controlled by 
applying clamps proximally and distally (Fig. 13). The 
aneurysm is incised longitudinally, using cautery on 
the lateral aspect of the thoracic component of the 
aneurysm, and posteriorly in the abdominal com- 
ponent in a line adjacent to the lumbar vertebral bodies 
well behind the origin of the left renal artery (Fig. 13a). 
Retracing the aneurysmal wall to the right by stay 
sutures exposes the inside of the aneurysm and the 
origin of intercostal, lumbar, and visceral arteries and 
aids retraction of abdominal viscera. Clot is removed 
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d. N 
but aortic intima is left intact. Bleeding from visceral 
vessels is controlled with balloon catheters, when 
necessary, and from the intercostal and lumbar arteries 
by suture in Groups I, III, IV, and V because para- 
plegia has not occurred in these cases (Table I). Pa- 
tients with extensive involvement of both thoracic and 
abdominal aorta (Group II) may develop paraplegia 
unless these vessels are reattached. Thus, some or ali 
of these vessels are spared for reattachment. Both the 
manner by which cord circulation is restored and re- 
construction by graft is accomplished in such cases 
depends on whether the aneurysm is due to dissection 
or is simply fusiform in nature and is described ac- 
cordingly. 


Extensive Fusiform Aneurysms (Group II) 


A pair of intercostal and/or a pair of lumbar arteries 
are spared, to be reattached later to the graft, bleeding 
is controlled by balloon catheters, suture tourniquet, 
or clamps. A transverse incision is then made in the 
anterior half of aortic circumference at the proximal 
and distal ends of the previously made longitudinal 
incision (Fig. 13a). A woven, straight dacron tube of 
appropriate size is attached within the aneurysm end- 
to-end proximally to the uninvolved aortic segment 
(Fig. 13b). Traction is placed on the graft and an oval 
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Fic. Ya. Illustrations of treatment in patient with aneurysm of the 
entire abdominal aorta with associated symptomatic obstruction of 
ceilac and superior mesenteric arteries. (a) Diagram and aortogram 
made before operation showing extent of aneurysm and occlusion 
(in black). 
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opening is made in the graft, opposite the intercostal 
arteries which are to be reattached. Reattachment may 
be accomplished by either of three techniques. The 
preferred technique is simply to suture the opening 
of the graft circumferentially around the orifices of the 
intercostal vessels by placing the sutures directly 
through the intact aneurysmal wall (Figs. 3, 13c and 
18). A button of aneurysm wall containing the origins 


of the intercostal vessels may be dissected out of the . 


aneurysmal wall, and the edges of the button sutured 
to the edges of the opening made in the graft. 
The third method consists of suturing one end of a very 
short segment of 10 mm Dacron tube around the origin 
of the intercostal vessels, and the other end to the 
opening made in the aortic graft (Fig. 4f). The last 
two techniques are more difficult, require more time to 
perform, and are associated with more blood loss. The 
visceral vessels are attached next in sequence; celiac 


axis first, superior mesenteric artery second, right renal - 


artery third, and finally, the left renal artery by sutur- 
ing openings in the graft circumferentially around the 
vessel origins, incorporating full thickness of aneurysmal 
wall. The numbers of attachments varies with the dis- 
tance between vessel origins. In some patients, one 


Fic. 9b. Diagram showing 
method of graft insertion, 
vessel reattachment, and 
endarterectomy from inside 
aneurysm. 


Fic. 9c. Diagram and aorto- 
gram made after operation 
showing graft in place and 
patent vessels. 
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Fic. 10c. Diagram and 
aortogram made after 
operation showing in- 
clusion graft and metal 
struts in place (10 d-e). 
Diagram and roentgeno- 
gram made 2% years 
after operation showing 
location and status of 
bone graft. 
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Fic. 10. Illustrations of patient with aneurysmal disease of the 
entire abdominal aorta with erosion into the neural canal treated by 
insertion of Harrington struts posteriorly to the spine and then re- 
placing the aneurysm and bone grafting of eroded vertebral bodv. 
(10a) Diagram and aortogram before operation showing extent of 
aneurysm. 


Fic. 10b. Diagram and lateral aortogram before operation showing 
extent of spinal erosion. 
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or more origins may be close together and may be 
reattached together to one opening in the graft (Fig. 
14). In other cases, the origins are relatively widely 
separated and preferably inserted separately (Figs. 9 
and 13b). In any case, left renal artery attachment is 
made on the lateral aspect of the graft to void kink- 
ing and obstruction upon return of viscera into the 
abdominal cavity. This is conveniently accomplished 
by twisting the graft to the right after attaching the 
other vessels, and before making the final opening into 
the aortic graft. After completing the left renal artery 
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Fic. 11. Illustrations of 
treatment aneurysm occur- 
ring in distal aortic stump 
after removal of infected 
graft used to replace ab- 
dominal aortic aneurysm 
five years previously. (a) 
Diagram, aortogram, and 
Spinal roentgenogram 
showing location and extent 
of aneurysm with osteo- 
myelitis and erosion of ver- 
tebral body. (b) Diagram 
and aortogram made after 
operation showing graft in 
place. 


reattachment, the aorta is flushed by temporarily re- 
moving the proximal clamp; the balloon catheters are 
then removed, the graft is clamped distal to the left 
renal artery and proximal clamp removed, restoring 
circulation to intercostal and visceral arteries. The 
distal end of the graft is then sutured end-to-end to 
uninvolved distal aorta or to a bifurcation aortic graft. 
In the latter cases, the ends of the iliac limbs are sutured 
to the ends of common iliac arteries, or to the sides 
of the external iliac or common femoral arteries, de- 
pending upon distal involvement either by aneurysm or 


Fic. 12. Illustrations of pa- 
tient with thoraco-abdom- 
inal aortic aneurysm which 
had ruptured into right 
chest complicated by pres- 
ence of horseshoe kidney. 
(a) Diagram and aortogram 
before operation showing 
extent of aneurysm and lo- 
cation of horseshoe kidney, 
(b) Diagram and aortogram 
after operation showing 
aortic reconstruction by 
graft inclusion and visceral 
artery reattachment to graft. 
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associated occlusive disease. The aneurysmal wall is 
then sutured around the graft; due to disparity 


f. of diameter, the aneurysmal wall is embricated in ap- 


- 


propriate fashion (Fig. 13c). The viscera are returned 


. to the abdomen and operation completed by closing 


the wounds. 


. Dissecting Aneurysms (Group II) 


The unique qualities of applying the graft inclusion 
technique to chronic dissecting aortic aneurysms lies 
in managing the pathology of dissection itself, and the 
method of vessel reattachment. In regard to the first 
quality, the outer wall of the false lumen is entered 
as previously described, care being taken to avoid in- 
jury to the renal artery arising from the false lumen. 


"The inner wall of the false lumen which is also the 


damaged wall of the true lumen is identified and in- 
cised longitudinally. Both of these structures are re- 
tracted, exposing the normal or undissected aortic cir- 
cumference from which the intercostal and visceral 
vessels arise (Fig. 5). The above inner wall of false 
lumen is excised laterally and medially to normal aorta. 
A part of the circumference of a tubular, woven dacron 
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Fic. 13. Diagrams showing graft inclusion and direct vessel reat- 
tachment technique as employed in treatment of extensive aneu- 
rysm involving descending thoracic and abdominal aorta in which 
visceral vessel origins are widely separated. (a) The aorta is clamped 
proximal and distal to aneurysm. The aneurysm is incised longi- 
tudinally and transverse incisions made at each end through the 
anterior half of aortic circumference. (b) Graft is inserted inside 
aneurysm end to end anastomosis, and opening made in the graft 
and sutured circumferentially around origins of intercostal arteries. 
Under appropriate tension openings are sequentially made in the 
graft and sutured around the visceral artery origins. (c) The distal 
anastomosis is completed and the aneurysmal wall is sutured around 
the graft. 
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Fic. 14. Diagram showing variation in technique of visceral artery 
reattachment when two or more vessels arise close together. (a) 
Origins of celiac axis, superior mesenteric, and right renal arteries 
are attached to a single opening in the graft. (b) Attachment is com- 
pleted by reattaching left renal artery orifice to separate opening. 


graft is removed equal to the dissected circumference 
of aorta. This portion of the graft is sutured in place 
as a patch, restoring a more normal aortic circumfer- 
ence and preserving the origins of the intercostal, lum- 
bar, and visceral arteries. Reconstruction distal to the 
renal arteries is accomplished by insertion of tubular 
graft, usually with a bifurcation graft, the distal ends 
of which are attached either to the external iliac or 
common femoral arteries. An alternative to this tech- 
nique, especially when there is excessive back bleeding 
from the intercostal, lumbar, and visceral vessels, is 
reattachment of the visceral vessels and a part of the 
thoracic aorta by this technique (Fig. 4). Lumbar 
arteries may be reattached in such cases when desired 
by techniques previously described (Fig. 4f). 

Less extensive aneurysms, Groups I, III, IV, and V, 
are treated similarly regarding graft inclusion and 
vessel reattachment when appropriate, except that in- 
tercostal and lumbar artery circulation reattachment 
is not required in these cases, since paraplegia has 
not been observed whether or not reattachment has 
been performed (Table 1). Exposure in these cases 
differs according to location and extent as described 
above (Figs. 7-11). 


Treatment of Associated Lesions 


Occlusive lesions of the celiac, superior mesenteric, 
and renal arteries arising at and limited to the origins 
of the involved artery were treated by endarterectomy 
from inside the opened aortic aneurysm (Fig. 9).7 A 
circular incision was made around the involved vessel 
orifice in the diseased aortic intima. The cleavage plane 
between the diseased inner layer and the normal outer 
layer of aortic wall was entered and dissected cir- 


416 


i 


p 
t 


MO ^s Vy SATE EM 
VISPAPTEL - 
NL : 


FAIT 
n 


Roe 





cumferentially to vessel origin. The plane of dissection 
was then continued distally into the involved vessel 
until the obstructing atheroma could be removed. Any 
distal intimal "flaps" were removed to prevent recur- 
rent obstruction. More extensive and distal lesions or 
unsuccessfully treated reattached arteries were treated 
by graft bypass (Figs. 15, 18). Such lesions occurring 
in the left renal artery later proved to be preferably 
treated by removing the spleen and suturing the end of 
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Fic. 15. Illustrations of patient with leaking abdominal aortic 
aneurysm involving all vessels with associated occlusion of both 
renal arteries treated by graft inclusion and vessel reattachment. 
Renal endarterectomy was unsuccessful and case illustrates 
method of restoring circulation at second operation. (a-b) Diagram 
and aortogram made before operation showing extent of involve- 
ment by aneurysm and occlusive disease. 


a a O. 


the proximal splenic artery to the side or end of the 


distal uninvolved renal artery (Fig. 16). Aneurysms. 


4, 


- 


of the visceral arteries were excised and replaced by . . 


grafts. > 
All renal artery lesions were treated to prevent 
aneurysmal rupture and to treat the associated hyper- 
tension. All symptomatic occlusive lesions of the celiac 
and superior mesenteric arteries were treated to relieve 


symptoms and to prevent progression to ischemic. 


necrosis of bowel. Similarly, asymptomatic partial oc- 
clusions of the latter vessels were treated to prevent 
progression of occlusion. Asymptomatic completely 
obstructing single vessel occlusions of the latter 
vessels were not treated; however, meticulous care 
was exercised to preserve the collateral routes of cir- 
culation (Fig. 6). 


Results 


Of the 82 patients in this series, 77 (94%) patients 
survived (Table 1). Death occurred in the patients with 
the most extensive aneurysms and was due to multiple 
system disorders in two and from hemorrhage in three. 
Hemorrhage in the latter patients was due to coagula- 
tion defects occurring toward the end of operation due 


Fic. 15c. Diagram of aorto- 
gram made immediately af- 
ter operation while pa- 
tient was anuric showing 
occlusion of both renal ar- 
teries. (d-e) Aortogram and 
diagram made six weeks 
after operation showing 
graft method of restoring 
renal circulation after ini- 
tial failure with transaortic 
endarterectomy and vessel 
reattachment. 


- 
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Fic. 16a-d. Illustrations of 
patient with aneurysm of 
the abdominal aorta involv- 
ing all visceral vessels with 
distal stenosis of left renal 
artery in whom reconstruc- 
tion was performed by in- 
clusion and vessel reattach- 
ment technique except left 
renal artery was recon- 
structed by using splenic 
artery. (a-b) Diagram and 
aortogram before operation 
showing extent and loca- 
tion of disease. (c-d) Dia- 
gram and aortogram after 
operation showing in- 
clusion graft in place with 
attached celiac axis, su- 
perior mesenteric, and renal 
arteries. 


Fic. l6e-h. Diagrams and 
arteriograms showing loca- 
tion of lesion and recon- 
struction of left renal artery 
using splenic artery. 


to lack of understanding in the use of blood element 
method of transfusion. In this regard, it is significant 
that death or major complication has not occurred in 
the last 22 patients submitted to operation. Despite 
not using heparin, embolization and distal thrombosis 
were not a problem. Balloon catheters were success- 
fully used in one case to clear the iliac and femoral 
arteries of thrombi. No amputations were required and 
pre-existing distal occlusive lesions in the legs were 
not worsened by operation. There were no ischemic 
disturbances of the gastrointestinal tract. The two prin- 
cipal areas of complications were renal and spinal cord 
function, as discussed below. 
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Renal Artery Occlusion and Renal Function 


Renal circulation in these cases was interrupted by 
aortic and renal artery occlusion for periods ranging 
from 15 to 150 minutes (Table 2). The longer periods 
of occlusion were in patients in whom arterial recon- 
struction was difficult or failed and had to be repeated 
at a second operation done immediately after the first 
(Fig. 15). Attempts were made to adequately hydrate 
the patients before operation, and 25 g Mannitol were 
given before aortic occlusion. Blood volume was 
monitored by central venous pressure and a Swan- 
Ganz catheter (in the recent cases) and maintained by 
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Fic. 17. Survival: Thoraco- Abdominal and Abdominal Aortic Aneu- 
rysms. 


blood transfusions and appropriate colloid and elec- 
trolyte solutions during and after operation. Indigo 
carmine clearance time was determined in the most re- 
cent 34 patients by injecting 5cc indigo carmine intra- 
venously at the time renal circulation was re-established 
(Table 3). Urine excretion stopped in all cases during 
the period of renal ischemia and resumed at varying 
intervals after restoring renal circulation, depending 
upon such factors as duration of ischemic time, suc- 
cess of operation in restoring renal blood flow, ade- 
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quacy of blood volume, and variables not recognized. 
The gross indigo carmine appearance time was variable 
but on the average was about equal to the period of 
ischemia (Table 3). In the treatment of other vascular 
problems involving renal artery occlusion, our ex- 
perience suggests that if indigo carmine is excreted, 
renal circulation has been adequately restored; how- 
ever, this finding does not insure against the develop- 
ment of acute tubular necrosis, In earlier experience, 
four patients had not excreted urine by the end of op- 
eration. Aortography after wound closure demonstrated 
main renal artery obstruction in two patients, and 
severe spasm of the distal branches of the renal arteries 
in the others. Renal artery reconstruction was reper- 
formed in the former and the latter were treated med- 
ically (Fig. 15). Two of these patients developed acute 
tubular necrosis and required dialysis (Table 2). 
Blood creatinine and urea nitrogen were determined 
before operation and daily after operation. Any eleva- 
tion of creatinine was considered evidence of renal 
dysfunction. On this basis, seven (9%) of 78 patients 
leaving the operating room and not already on chronic 
hemodialysis showed signs of renal dysfunction (Table 
2). This finding was transient and lasted from seven to 
14 days in four. Hemodialysis was required in three 
patients, two of whom survived. The other patient died 
from multiple causes although renal function was im- 
proving. On the basis of the above criteria, renal dys- 
function occurred regardless of the period of renal 


Fic. 18a,b. Illustrations 
of patient with extensive 
thoraco-abdominal aor- 
tic aneurysm involving 
most of the descending 
thoracic aorta and the 
abdominal aorta show- 
ing method of recon- 
struction. (a) Diagram 
and aortogram before 
operation showing ex- 
tent of disease. (b) Dia- 
gram and aortogram 
made after operation 
showing method of re- 
construction including 
intercostal reattachment 
and reattachment of 
superior mesenteric and 
right renal artery by 
direct suture and celiac 
axis and left renal artery 
reconstruction by graft 
due to associated occlu- 
sive disease. 


b 


—. 
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Fic. 18c. Aortogram and diagram showing method of intercostal 
artery reattachment. 


ischemia; however, the greatest incidence of severe 
dysfunction occurred with periods of occlusion up to 
two and one-half hours in the patients in whom renal 
artery reconstruction was difficult or had not been ac- 
complished by first operation. 


Cord Ischemia 


Cord ischemia manifested by neurological deficits of 
the lower body occurred in five (6%) of the 82 patients 
(Table 5). It is significant that this complication oc- 
curred only in patients with Group II lesions with ex- 
tensive involvement of both the descending thoracic 
and abdominal aorta (Table 1). Paraplegia was mild in 
two, moderate in one, and severe in two patients. Both 
patients with severe manifestations died of other causes. 
One died from myocardial infarction and paraplegia, 
in this patient, occurred 18 hours after operation at the 
time of hypotension and poor cardiac output from in- 
farction. The other patient had paralysis of both legs, 
right arm, and was aphasic after operation. Death in 
this patient was due to pulmonary embolus, renal fail- 
ure, heart disease, and wound infection, and the neuro- 
logical problem may have been cerebral in origin from 
basilar artery disease rather than cord ischemia. Of the 
three survivors, one recovered, one became completely 
rehabilitated without special equipment, and one re- 
quired braces and crutches to walk. 

There was no correlation between aortic occlusion 
time and the development of neurologic deficits involv- 
ing the lower extremities. Thus, this complication re- 
sulted from interruption of cord blood supply, evi- 
denced by the fact that it occurred only in those pa- 
tients in whom most of the thoracic and abdominal 
aortic segments were removed. Moreover, preserva- 
tion of intercostal and lumbar arteries reduced this 
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TABLE 2. Renal Function After Operation Correlation With Renal 
Artery Occlusion Time (78 Patients Leaving 
Operating Room)* 





Occlusion Time Renal 
(Minutes) Patients Dysfunction Dialysis 
15-35 28 (36%) 4 (14%) | 
35-55 44 (56%) 1 (296) 0 
55-150 6 (8%) 2 (33%) 27 
Total 78 (100%) 7 (9%) 3 (4%) 


* One patient on chronic hemodialysis. *Death occurred in one 
patient. 


complication to about one-third and significantly re- 
duced its severity (Table 4). 


Long-term Results 


These patients have been followed from 30 days to 
17 years; and of the 77 survivors, information to time of 
death or to the present is available in 73 (95%). Of the 
survivors, 51 (62%) are alive and well. Although the 
majority of patients have been treated during the past 
five years, 24 were treated at longer intervals and 15 
(60%) of these patients lived for periods ranging from 
five to 17 years. An actuarial curve was constructed 
from this information and survival projected for a six- 
year period and compared to that of patients surviving 
simple infrarenal abdominal aortic resection.'’ The pa- 
tients in this series with extensive aneurysm operation 
compare favorably with those with more localized 
simple aneurysm resections (Fig. 17). Of interest is the 
fact that the four patients in whom surgery was not 
advised, due to risks imposed by associated disease, 
died of aneurysmal rupture from seven to 18 months 
after the decision was made for conservative treatment. 


Discussion 


In our own experience, graft inclusion and direct 
visceral artery orifice reattachment has proved to be the 
most simple method of treating extensive aneurysms 
of the thoracoabdominal aorta and of the abdominal! 
aortic segment from which the visceral vessels arise. 
This method significantly reduced hte dissection re- 
quired for operation and the number of anastomoses 
required by other techniques. Finally, closing the 


TABLE 3. Resumption Urine Excretion After Renal Artery Occlusion* 
(Correlation With Periods of Occlusion) 


Renal Artery Occlusion 
(in minutes) 


Urine Flow Resumptions 
(mean time, in minutes) 


20—30 (14 patients) 25 
30—40 (8 patients) 20 
40—45 (10 patients) 21 . 


* [ndigo carmine clearance time. 
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TABLE 4. Paraplegia Correlation with Preservation of Intercostal and Lumbar Arteries (22 Patients 
with Extensive Involvement Thoracic and Abdominal Aorta) 





Intercostal and lumbar No. 
artery reattachment patients Total cases 
Successful 14 2 (14%) 
Not accomplished 8 3 (38%) 
Not successful (3) 
No attempt (5) 
Total 22 5 (23%) 


Paraplegia 
Mild Moderate Severe Other 
2 0 0 0 
0 | 2 2 
(Q) (0) (1)* (1) 
(0) (1) (1)7 (1) 
2 ] 2 2 





* Paraplegia occurred 18 hours after operation with hypotension from myocardial infarction. t Neurologic deficit may have been due 


to stroke. 


aneurysmal wall around the graft has reduced bleed- 
ing from the anastomoses and graft, and has separated 
the graft from adjacent viscera, preventing erosion into 
the gastrointestinal tract. The time necessary for op- 
eration and the associated blood loss both during and 
after operation has been significantly reduced. Conse- 
quently the survival after operation approaches that 
after operations for less extensive lesions of the distal 
abdominal aorta and, indeed, the long-term survival is 
the same. Although there have been no significant com- 
plications in the treatment of the last 22 patients, dis- 
turbance in renal and spinal cord function continues 
to be a threat. Hypothermia and temporary shunts do 
not offer additional protection from the latter evident 
by previous studies." Moreover, these adjuncts do not 
offer significant protection to preservation of renal 
function. For example, renal injury and failure has oc- 
curred after their use in the treatment of thoracoab- 
dominal aortic aneurysms.'* Temporary renal perfusion 
techniques have been employed in the renal transplant 
field and successfully employed in single case reports in 
the treatment of thoracoabdominal aortic aneurysms.!:!* 
These techniques vary from a simple injection of 
electrolyte solution into the excluded aorta with at- 
tached renal artery to individual renal artery perfusion 
continuously during operation.?:!*:!? [n fact, the kidney 
was removed, perfused for four and one-half hours 
during aneurysm resection and then reinserted as graft 
by one group who, on the basis ofthis one case, recom- 
mends this as the method of choice.” In light of the 
fact that only one patient died in this series, with renal 
insufficiency being only a part of his problem, we plan 
to continue efforts of improving technique of accurately 
restoring renal circulation as rapidly as possible while 
maintaining blood volume and normal state of hydra- 
tion.” Finally, renal insufficiency has been observed in 
major operations not involving renal artery occlusion 
and has been particularly troublesome after infrarenal 
abdominal aortic operations for ruptured aneurysm.?? 
There were 12 patients (14%) in this series with ruptured 
aneurysms. Consequently, our renal function ex- 


perience in this series of 82 patients would appear to be 
very acceptable, considering the age group and the 
nature and extent of pathology treated. 
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DISCUSSION 


Dr. Harris B. SHUMACKER (Indianapolis, Indiana): On rare 
occasions, there are presented experiences so startling in their 
break with traditional management and so excellent in outcome, 
one can only gasp with amazement. Such is the report of Crawford 
and his associates. Their present extensive series of cases confirms 
the conclusions reached in the earlier report. 

When one relives the days when fear of paraplegia accompanied 
all but the briefest operations necessitating aortic cross-clamping 
in the absence of collaterals such as prevail in coarctation, and the 
efforts to protect the cord by cooling, various perfusion techniques, 
and arterial shunting, one realizes how truly remarkable this new 
approach is. Obviously, the direct attack. upon the aneurysm, 
without need for such ancillary protective aids, or anticoagulants, 
k saves time and blood. The use of buttons of aortic or aneurysmal 
wall giving rise to one or more major branches has proved useful 
to others, as it has to the Crawford group. 

Their suggestion regarding restoration of blood flow to inter- 
costals and lumbars is patently an important innovation. The 
results obtained confirm the opinion generally held that the proximal 
branches are much more important in preserving cord function 
than the more distal ones. It will be interesting to learn whether 
these and future observations confirm the supposedly enormous im- 
portance of the artery of Adamkiewicz, as well as that of the 
anterior spinal artery. 

Most of us have feared cases involving the entire descending 
thoracic and abdominal aorta because paraplegia seemed almost 
inevitable. They have shown this not to be true. To be sure, their 
only instances of paraplegia were in this group of 22 cases, but 
then only in five. Furthermore, their reconstitution of blood flow to 
intercostal and lumbar arteries seems to have lessened the risk 
by at least half. 

They have shown that cases previously thought inoperable or 
only partially resectable are, indeed, curable. They have demon- 
strated that they can treat these life-threatening aneurysms with a 
very low mortality, in contrast to the high risk which has generally 
prevailed. 

Obvicusly, their work should be expanded. Others who operate 
well and without wasting time might see if they can duplicate these 
&.. fantastic results. Almost certainly, no one who operates slowly and 
tediously should undertake to do so. 

The Crawford group deserves our most hearty congratulations 
for a truly inspiring contribution. 
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Dn. JoHN CONNOLLY (Irvine, California): First Fd like to con- 
gratulate Dr. Crawford on his superb operative results with one of 
the most technically challenging lesions that we're asked to operate 
on. I think that, perhaps, because most of us are not as quick and as 
technically facile as Dr. Crawford, we might approach the lesions 
that he listed today a little more conservatively, and I for one always 
have a heparinless shunt available. 

Now to give you some idea of the incidence of suprarenal involve- 
ment and thoracic involvement, I'd like to note our findings in a 
series of aortograms. In 132 consecutive aortograms in patients 
with palpable abdominal aneurysms, we noted that there were 31% 
who had multiple aneurysms. If we look to see what these multiple 
aneurysms are, it's of importance that four of the 132 or 3.8%, 
appear to extend above the renal arteries, and six, or 4.5%, also 
involve the thoracic area. 

If we look at what did we do to these four, some years ago we 
would have tried to resect these completely, as described by Dr. 
Crawford. In one of the four we did so. We resected the entire 
aorta, reconstructing mesenteric and renal arteries, as mentioned 
today, using a similar technique, but with a shunt. In one case we 
found that the aneurysm that was above the renals could be managed 
by a plication, without resection of any of the mesenteric or renal 
vessels. In one case we decided that the suprarenal widening was 
not too dangerous and we left it alone and did an infrarenal resec- 
tion with graft replacement. In one case we decided that the in- 
volvement above the renals did not warrant a suprarenal operation 
because of the general poor condition of the patient. 

In the group with thoracic involvement, in one case we decided that 
the patient's general condition did not warrant a thoracoabdominal 
operation, but in the other five cases we decided to do an infrarenal 
resection as the first procedure and then as a separate operation later 
we resected the thoracic aneurysm. 

I would like to call to your attention the work of Wakabayashi 
of our Department. His contribution has been twofold: 1) to leave 
the back wall of the distal aorta— and I noted that Dr. Crawford 
does the same thing, and 2), the use of a nonthrombogenic shunt 
during the operation because we do not operate as rapidly as 
Dr. Crawford. 

I think a shunt should always be available. There may be in- 
stances where you don't need it, but in our hands, we've found it 
to be very helpful. It can be either placed in the atrium proximally, 
or directly into the aorta through a purse-string suture with disfal 
return to a femoral artery. The important thing is that it should be a 
big shunt so that you can equalize pressures above and below, 
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We think it's mandatory to have pressure monitoring above 
and below. 

By leaving the back wall of the distal thoracic aorta and using 
a shunt we have been able to operate on 49 lesions of the descending 
thoracic aorta, 12 of which involved the entire aorta from the sub- 
clavian to the diaphragm, without a case of postoperative paraplegia. 

Finally, if you look at our 132 routine aortograms, 2% had 
unusually enlarged lumbar arteries, and it may be that an unusually 
enlarged lumbar artery also needs to be inserted even in an infrarenal 
aortic resection. 

In summary, I would like to say that we are not nearly as aggres- 
sive as we used to be in attacking the area between the diaphragm 
and the renal arteries. I'd like to ask Dr. Crawford what evidence 
he has about percentage of rupture of the abdominal aorta in this 
area, because obviously there is an increased risk when we have to 
operate in that area, and we prefer to try to preserve that area if we 
can and do our operations as two separate operations, an infrarenal 
and a thoracic, because we know that by this technique we can 
avoid that devastating complication of paraplegia. 


Dr. LYMAN A. Brewer, HI (Los Angeles, California): Gentlemen, 
this has been a remarkable series of cases, a historic presentation. 
We have had an interest in paraplegia following thoracic and 
thoracoabdominal resection of the aorta for a number of years. In 
a survey of 10,000 cases of coarctation in the aorta that we conducted 
a few years ago, we found there was an incidence of 0.592 of para- 


plegia. This was not related to the cross-clamp time or the number 


of intercostals divided. 

The paralysis in these cases was thought to be due to a variation in 
the anterior spinal artery, which is segmental; especially important 
are the ninth thoracic and the great vessel of Adamkiewicz, which 
is usually around the second or third lumbar artery. If one of these 
key intercostal vessels is divided permanently, and if it is an end 
artery and there is no collateral circulation, then paraplegia may be 
the very unfortunate result. It is unfortunate for the patient, who 
suffers greatly due to this dreadful complication; it is unfortunate 
for the empathetic surgeon, who has sleepless nights which are 
augmented by the fact that he may be sued, 

Dr. Crawford has been a pioneer in the resection of the thoracic 
and upper abdominal aneurysms in a rapid fashion without any 
protective measures being taken to preserve the blood supply to the 
spinal cord. We have used jump grafts, bypass left atrial grafts, 
as Connolly presented, and hypothermia. As Dr. Connolly pointed 
out, I believe that the surgeons who operate more slowly have to 
lean on these techniques. 

Now Dr. Crawford comes up with a new technique of preserving 
the intercostal and lumbar arteries and attaching them to his graft. 
This does not protect the spinal cord during surgery but offers more 
spinal blood flow following the operation. Therefore, we have a prob- 
lem, Dr. Crawford: 


1. Which cases should have this special technique? 

2. Does the cross-clamp time affect the result, as far as paraplegia 
is concerned? 

3. Are you particularly concerned about the ninth thoracic and 
the first and second lumbar arteries? 


CRAWFORD AND OTHERS 
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This has been a splendid presentation by Dr. Crawford, and we are 
grateful to him for his brilliant pioneering work in this extremely 
difficult field of surgery. 


Dr. DENTON A. CootrEv (Houston, Texas): I rise to ask some 
questions and to make a point. Our technique of resecting such 
lesions is almost identical to the technique presented today. Dr. 
Crawford did not mention how he managed the left kidney. In our 
technique we choose to leave the kidney lying in its natural fossa. 
This requires division of the left renal vein, with reanastomosis at 


the completion of the operation. We believe it is technically more . 


simple to do the arterial anastomosis When the kidney is lying in its 
natural sulcus, and aiso that it causes less renal injury, and, 
therefore, fewer postoperative complications. i 

I would also like to know if Dr. Crawford finds it necessary to 
remove the spleen, and if there are any complications attendant 
upon removal. 

It has been our policy to use small doses of heparin to protect 
the organs distal to the point of aortic occlusion; we believe that 
many of the complications that we formerly attributed to ischemia 


E + - " * 
were actually caused by microthrombi. Therefore, we use | mg/kg 


body weight and a low porosity Meadox Dacron graft to con- 
serve blood. 

Finally, may I pose a question about paraplegia and cord 
damage? I would like to know if any of the patients in the series 
who developed paraplegia underwent reimplantation of the seg- 
mental vessels. Dr. Crawford, how firmly are you convinced that 
reimplantation of these vessels prevents cord damage? 


DR. E. STANLEY CRAWFORD (Closing discussion): I want to thank 
those who have discussed our paper both for their kind remarks 
and for the additional knowledge which they have added to the sub- 
ject. I would agree that simple luminal dilatation is not indication 
for operation but true mural deterioration and aneurysmal formation 
is, evident by the fact that a significant number of cases in this series 
required operation for rupture of aneurysm proximal to previous 
infrarenal aotit aneurysm resection. I also agree that two of the 
major factors in the development of paraplegia are aortic clamping 
and aortic reseetion. The key to successful resection in the majority 
of these chronic cases was manipulation of the collateral circula- 
tion: aortic clamping by pharmacologic maneuvers and resection by 
sparing collateral channels and reattachment of collateral sources in 
the extensive cases. We do not feel that the ninth thoracic and 
first two lumbar arteries important in these cases unless extensive 
segments of bóth the thoracic and abdominal aorta are replaced. In 
such cases, we try to reattach one or more of these vessels. Re- 
attachment of intercostal and lumbar arteries in such cases has re- 
duced the incidence of paraplegia from 38 to 14%, For simplicity, 
to minimize periaortic bleeding, and to avoid renal vein anastamosis. 
we prefer to reflect the left kidney forward and to the right. The 
spleen is removed in about half the cases either for injury or to use 
the splenic artery for arterial reconstruction. We feel that heparin 
is contraindicated because it adds to the bleeding problem. We have 
had only one case of embolism which was corrected by conven- 
tional methods. 
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inthe management of exocrine pancreatic deficiencies 
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e Unsurpassed antiemetic action 
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NOTE: Do not use 'Compazine' in pediatric surgery. 
Not recommended for children under 20 Ibs. or 2 
years of age. In children with acute illnesses or dehy- 


« dration, use only under close supervision. 


Before prescribing, see complete prescribing information in SK&F 
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Proper Use of CEA-ROCHE 


1. Management checkpoint #1: establish initial (pre-treatment) titer. 
2. Checkpoint #2: post-surgical/ post-treatment titer. c 
3. Periodic checkpoints: serial titers remain in *normal" range. 
4. Action checkpoint: after successive significant titer increases, 
consider adjustment of therapy or complete diagnostic workup 
5. Periodic checkpoints: *normal" readings- good prognosis . 








“The value of monitoring the patients 
with serial determinations of plasma 
CEA cannot be overemphasized. One 
may even argue that by doing so, we are 
likely to detect recurrent disease much ' 
earlier than if we were only to rely on q 
the more conventional clinical meth- «^ 
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ods of cancer detection... ”. 











The Most Extensive Clinical Trial 


of a Product in Diagnostic History 
Investigators in over 100 leading medical centers, using standardized 
reagents and procedure, generated an extraordinary body of clinical 

data on more than 20,000 patients and 50,000 CEA-ROCHE assays.” 


The conclusion: 
CE A-ROCHE is an extremely important dimension 
in the management of the cancer patient 


Availability of CEA-ROCHE For the Clinician: 

As a Management Aid Provides the opportunity to effectively chart the patient's 
Multiple Benefits for the course; recurrence is indicated by rising titers, 
Clinician and the Patient often months before symptoms appear ! 


For the Patient: 

the possibility of earlier detection of recurrence, 
earlier and more effective therapy, and potentially 
improved prognosis 


CEA-ROCHE 


Carcinoembryonic Antigen assay 


may be ordered from 


e Roche Clinical Laboratories, Inc. 
A complete reference laboratory 
(201) 526-2400 (800)631-5250 


e Major Hospital and Private Laboratories 





Additional information may be obtained from 


e Your Roche Representative 
e the Professional Services Department 
(201) 235-2355 


Please send more information 
on monitoring cancer patients with CEA-ROCHE.™ 


I am particularly interested in: 
Q GI cancer []Breastcancer [] GU cancer (J Lung cancer 























Division of Hoffmann-La Roche Inc. MEM . = = BE UE 
340 Kingsland Street, Nutley, N.J. o7110 
(201) 235-2355 Institution 
References: Address 
1. Mavligit GM, ert al: Cancer 36:2421-2427, Dec (Suppl) 1975 a T 
2, Data on file, Roche Diagnostics, Nutley, New Jersev 07110 
City | » | |. State Zip 
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CA-2P 


Reliable and safe hemostat 





to help contro! small-vessel bleedin 
without injuring vital tissue | 





TRADEMARK 


URGICEL 


Ahsorbable Hemostat 
oxidized regenerated cellulose 
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SURGICEL Absorbable Hemostat 


TRADEMARK 
(oxidized regenerated cellulose) 


FOR SURGICAL USE 
(For dental applications of this product, refer- 
ence should be made to the package insert for 
dental use.) 


DESCRIPTION: SURGICEL Absorbable Hemo- 
stat is a chemically-sterilized, absorbable 
knitted fabric prepared by the controlled oxi- 
dation of regenerated cellulose. The fabric is 
white with a pale yellow cast and has a faint, 
caramel-like aroma. It is strong and can be 
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sutured or cut without fraying. It is stable and 
can be stored at controlled room temper- 
ature. A slight discoloration may occur with 
age, but this does not affect performance. 


ACTIONS: The mechanism of action whereby 
SURGICEL accelerates clotting is not com- 
pletely understood, but it appears to be a 
physical effect rather than any alteration of 
the normal physiologic clotting mechanism. 
After SURGICEL Absorbable Hemostat has 
been saturated with blood, it swells into a 
brownish or black gelatinous mass which aids 
in the formation of a clot, thereby serving as 
a hemostatic adjunct in the control of local 
hemorrhage. When used properly in minimal 
amounts, SURGICEL is absorbed from the 
sites of implantation with practically no tissue 
reaction. Absorption depends upon several 
factors including the amount used, degree of 
saturation with blood, and the tissue bed. 


INDICATIONS: SURGICEL Absorbable Hemo- 
stat (oxidized regenerated cellulose) is used 
adjunctively in surgical procedures to assist 
in the control of capillary, venous, and small 
arterial hemorrhage when ligation or other 
conventional methods of control are imprac- 
tical or ineffective. 


CONTRAINDICATIONS: Although packing or 
wadding sometimes is medically necessary, 
SURGICEL Absorbable Hemostat should not 


be used in this manner unless it is to be re- 
moved after hemostasis is achieved. 

SURGICEL should not be used for implan- 
tation in bone defects, such as fractures, 
since there is a possibility of interference 
with callus formation and a theoretical chance 
of cyst formation. 

When SURGICEL is used to help achieve 
hemostasis around the spinal cord in lam- 
inectomies, or around the optic nerve and 
chiasm, it must always be removed after 
hemostasis is achieved since it will swell and 
could exert unwanted pressure. 

SURGICEL should not be used to control 
hemorrhage from large arteries. 

SURGICEL should not be used on non- 
hemorrhagic serous oozing surfaces, since 
body fluids other than whole blood, such as 
serum, do not react with SURGICEL to pro- 
duce satisfactory hemostatic effect. 


WARNINGS: SURGICEL Absorbable Hemostat 
is supplied sterile and should not be auto- 
claved because autoclaving causes physical 
breakdown of the product. 

SURGICEL is not intended as a substitute 
for careful surgery and the proper use of 
sutures and ligatures. 

Closing SURGICEL in a contaminated 
wound without drainage may lead to compli- 
cations and should be avoided. 

The hemostatic effect of SURGICEL is 






Rapid and complete absorption with 4 

virtually no tissue reaction when used | 

properly in minimal amounts for hemostasis: 
SURGICEL Absorbable Hemostat is 

completely absorbable from sites of - 

implantation after it has become a 
gelatinous mass that aids in the... 
formation of a clot. ~ 


Convenient to use. SURGICEL © 
Absorbable Hemostat requires no addi- ~~ 
tional hemostatic preparation; it is ready for - 
use directly from the vial. When exposed. 
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to blood, it adheres readily to tissues but^^ == 


generally not to dry instruments or dry surgical 7 

gloves. SURGICEL Absorbable Hemosta 
should be stored at controlled room temperature. 
Before using SURGICEL Absorbable Hemostat, 
please refer to product information below. 


greater when it is applied dry; therefore it 
should not be moistened with water or saline. 

SURGICEL should not be impregnated with 
anti-infective agents or with other materials 
such as buffering or hemostatic substances. 
Its hemostatic effect is not enhanced by the 
addition of thrombin, the activity of which is 
destroyed by the low pH of the product. 

Although SURGICEL Absorbable Hemostat 
may be left in situ when necessary, it is ad- 
visable to remove it once hemostasis is 
achieved. It must always be removed from 
the site of application after use in laminec- 
tomy procedures and from foramina in bone 
when hemostasis is obtained. This is because 
SURGICEL, by swelling, may cause nerve 
damage by pressure in a bony confine. Pa- 
ralysis has been reported when used around 
the spinal cord, particularly in surgery for 
herniated intervertebral disc. 


PRECAUTIONS: Use only as much SURGICEL 
Absorbable Hemostat as is necessary for he- 
mostasis, holding it in place until bleeding 
stops. Remove any excess before surgical 
closure in order to facilitate absorption and 
minimize the possibility of foreign body 
reaction. 

SURGICEL should be applied loosely 
against the bleeding surface. Wadding or 
packing should be avoided, especially within 
rigid cavities, where swelling may interfere 


*Trademark of Johnson & Johnson 
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with normal function or possibily cause 
necrosis. 

In urological procedures, minimal amounts 
of SURGICEL should be used and care must 
be exercised to prevent plugging of the 
urethra, ureter, or a catheter by dislodged 
portions of the product. 

Since absorption of SURGICEL could be pre- 
vented in chemically cauterized areas, its use 
should not be preceded by application of sil- 
ver nitrate or any other escharotic chemicals. 

If SURGICEL is used temporarily to line the 
cavity of large open wounds, it should be 
placed so as not to overlap the skin edges. 
It should also be removed from open wounds 
by forceps or by irrigation with sterile water 
or saline solution after bleeding has stopped. 

Precautions should be taken in otorhino- 
laryngologic surgery to assure that none of 
the material is aspirated by the patient. (Ex- 
amples: controlling hemorrhage after tonsil- 
lectomy and controlling epistaxis.) 

Care should be taken not to apply SURGI- 
CEL too tightly when it is used as a wrap 
during vascular surgery (see "ADVERSE 
REACTIONS” section). 


ADVERSE REACTIONS: “Encapsulation” of fluid 
and foreign body reactions have been reported. 

There have been two reports of stenotic 
effect when SURGICEL Absorbable Hemostat 
has been applied as a wrap during vascular 
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Wide hemostatic application in surgery. 
SURGICEL Absorbable Hemostat is a pliable 
knitted fabric that has been found to be inherently 
and dependably hemostatic when used as an aid in 
the control of small-vessel bleeding in abdominal, 
thoracic, neurosurgical, orthopedic, cardiovascular, 
gynecologic and otorhinolaryngologic procedures, 
in superficial open wounds and on donor sites. 
SURGICEL Absorbable Hemostat is a valuable 
adjunct in the control of small-vessel bleeding when 
ligation or other conventional methods of control 
are impractical or ineffective. 
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surgery. Although it has not been established 

.that the stenosis was directly related to the 
use of SURGICEL, it is important to be cau- 
tious and avoid applying the material tightly 
as a wrapping. 

Possible prolongation of drainage in cho- 
lecystectomies and difficulty passing urine 
per urethra after prostatectomy have been 
reported. There has been one report of a 
blocked ureter after kidney resection, in 
which postoperative catheterization was 
required. 

Occasional reports of “burning” and “‘sting- 
ing" sensations and sneezing when SURGI- 
CEL has been used as packing in epistaxis, 
are believed due to the low pH of the product. 

Burning has been reported when SURGI- 
CEL was applied after nasal polyp removal 
and after hemorrhoidectomy. Headache, burn- 
ing, stinging, and sneezing in epistaxis and 
other rhinological procedures, and stinging 
when SURGICEL was applied on surface 
wounds (varicose ulcerations, dermabrasions, 
and donor sites) also have been reported. 


SURGIKOS 


A (defen «(of 
New Brunswick, New Jersey 08903 


son Company 
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Announcing 
thrombus prevention 
without 











anticoagulation. 


NEW 

After extensive trials, RHEOMACRODEX® 
(dextran 40) is now the only dextran indicated 
for the prevention of postoperative venous 
thrombosis and pulmonary embolism in the 
high-risk patient. 


NEEDED 

Deep venous thrombosis and pulmonary 
embolism are among the most serious com- 
plications of surgery and trauma. Postoperative 
thromboembolic disease may strike up to 54% 
of surgical patients, especially those undergoing 
hip surgery! Pulmonary embolism alone may 
account for 200,000 deaths in the United States 
annually^? 


PROVED 


Dramatically reduces the incidence of 
postoperative thromboembolic disease. 


Percent of Patients 
Developing Postoperative 
Thromboembolic Disease 

Control Group 


High-Risk 
Operative Category 


Hip Arthroplasty* 


Orthopedic Surgery 
General Surgery® 
Gynecologic Surgery? 


TOM as definite disease. An additional 1196 of controls and 
5% of Rneomacrodex patients were diagnosed as having possible 
thromboembolic disease 


TFigures pertain only to patients with pulmonary emboli 





Rheomacrodex Group 





Rheomacrodex 


SAFE, CONVENIENT USE 

Used as directed, RHHEOMACRODEX has an 
impressive record of patient safety, and does 
not usually provoke excessive bleeding, as may 
anticoagulants. As with all drugs, the physician 
should familiarize himself with all the infor- 
mation required to use the drug safely (see 
prescribing information). 


DOSAGE 
* Choose according to risk of thromboembolic 
complications 


* Initiate during surgery 

* R; Day of operation: 500 to 1,000 ml 
Postop. days 1-3: 500 ml/day 
Postop. days 4-14: 500 ml every 2 or 3 days 


IN YOUR NEXT HIGH-RISK PATIENT, 

RHEOMACRODEX CAN 

¢ Smooth your patient's surgical and post- 
Operative course 


* Heduce the incidence of deep venous 
thrombosis and pulmonary embolism 


e Reduce platelet adhesiveness 
* Eliminate anticoagulation 


e) Pharmacia 





(dextran 40) 
THE Sat tnt an 


E An artists conception of a venous thrombus principally composed 


of fibrin, platelets (visible at center right) and erythrocytes. A leukocyte 


appears at center left. Proportions are not to scale 


See following page for prescribing information. 
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Rheomacrodex: dextran 40) 


Indications 

Rheomacrodex is indicated for use in prophy!axis therapy against venous throm- e 
bosis and pulmonary embolism in patients undergoing procedures known to be 
associated with a high incidence of thromboembolic complications, such as 

hip surgery 


Contraindications 

Known hypersensitivity to dextran. Marked hemostatic defects of all types (throm- 
bocytopenia, hypofibrinogenemia, etc.), including those caused by drugs 
(heparin, warfarin, etc.). Marked cardiac decompensation Renal disease with 
severe oliguria or anuria 


Warnings 

Although infrequent, severe and fatal anaphylactoid reactions. consisting of 
marked hypotension, and/or cardiac and respiratory arrest have been reported 
Therefore, it is strongly recommended that patients be observed closely during 
the early part of the infusion period 


As Rneomacrodex (dextran 40) is a colloid hypertonic solution, it will attract water 
from the extravascular space. This fluid shift should be considered when the drug 
is administered intravenously to poorly hydrated patients 


Rena! excretion of dextran produces an elevation in urine viscosity and specific 
gravity proportional to the urine dextran concentration. If signs of dehydration are 
noted, additional fluids should be administered 


Rena! failure, sometimes irreversible, has been reported to occur following the use 
of Rheomacrodex. While the preexisting clinical condition of these patients could 
account for their oliguria and/or anuria it is possible that the administration of 
Rheomacrodex may have contributed to their developmen! 


Occasional abnormal fenal and hepatic function values have been reported fol- 
lowing intravenous administration of Rneomacrodex 


Caution should be employed when Rheomacrodex is administered to patients 
with active hemorrhage as the resulting increase in perfusion pressure and im- 
proved microcirculatory flow may result in additional blood loss 


Administering infusions of Rheomacrodex that exceed the recommended dose 
should be avo:ded, since a dose-related increase in the incidence of wound 
hematoma, wound seroma, wound bleeding. distant bleeding (hematuria and 
melena), and pulmonary edema has been observed. Recommended doses 
should never be exceeded in patients with advanced renal disease, since exces- 
sive doses may precipitate renal failure 


Usage in Pregnancy: Safe use of Rheomacrodex has not been established with 
respect to adverse effect on fetal development. Therefore, it should not be used in 
early pregnancy or in women of childbearing age unless in the judgment of the 
physician the potential benefits outweigh the possible hazards 


Precautions 

In individuals with normal hemostasis, dosages of Rhe »macrodex up to 15 ml/kg 
body weight produce variable, usually small changes à coagulation. At these 
dosages, slight decreases in platelet adhesiveness occur, and decreases in fi- 
brinogen, factor V and factor IX are usually only slightly greater than might be 
expected from hemodilution alone. Although dosage s in this range markedly 
decrease factor VIII, they generally do not prolong bleeding time significantly 
Since changes in coagulation and hemostasis tend to be more pronounced fol- 
lowing trauma or major surgery, all patients should be observed for early signs of 
bleeding complications. Some of the changes induced by dextran may be 
reversed by infusion of factor VIII concentrate 


Care should be taken to prevent a depression of the hematocrit below 30 vol. 96 


In patients who have received Rheomacrodex. blood sugar determinations that 
employ high concentrations of acid may result in hydrolysis of dextran. yielding 
falsely elevated glucose assay results. Blood typing and cross matching proce- 
dures employing enzyme techniques may give unreliable readings if the samples 
are taken after infusion of Rheomacrodex. Other blood typing and cross matching 
procedures are not affected 

Itis recommended, therefore, that, whenever possible. blood samples for the 
above determinations be drawn prior to initiating infusion of Rneomacrodex 


Adverse Reactions 
Since Rheomacrodex (dextran 40) has a very low degree of branching, it is rela- 
tively free of antigenic effect. Hypersensitivity reactions have, however, been 
reported with Rheomacrodex. These can range from mild cutaneous eruptions to 
generalized urticaria, nausea, vomiting, headache, fever, tightness of the chest 
wheezing and, rarely, to anaphylactoid (allergic) shock Since such reactions usu- 
ally develop in the first few minutes following initiation of therapy. patients should 
be observed during the initial infusion. If any of the above adverse symptoms 
appear, the infusion should be stopped immediately 
Dosage and Administration 
Prophylactic Therapy of Venous Thrombosis and Thromboembolism 
The dosage of Rneomacrodex should be chosen according to the risk of throm- 
boembolic complications, e.g., type of surgery and duration of immobilization In 
general, treatment with Rneomacrodex should be initiated during surgery 500 to 
1000 ml (approximately 10 mi/kg body weight) should be administered on the day 
of the operation. Treatment should be continued at a dose of 500 mi daily for an 
additional two to three days. Thereafter, and according to the risk of complica- 
tions. 500 ml Rheomacrodex may be administered every second or third day dur- 
ing the period of risk. for up to two weeks 
How Supplied 
Rheomacrodex (dextran 40) is available as a sterile, nonpyrogenic solution in 
500 mi infusion bottles. six bottles per case. and is available as 
Rheomacrodex 10% w/v in normal saline NDC No. 0016-0211-65 
Rheomacrodex 10% w/v in Dextrose 5% in Water NDC No. 0016-0212-65 
Rheomacrodex has a tendency to crystalize when subjected to temperature varia- 
tions or when stored for long periods at elevated temperatures Storage should 
therefore be at a constant temperature. preferably not exceeding 25°C (77°F). If 
flakes of dextran are present, heat at 100°-110°C until complete dissolution iS 
achieved 
Keep from cold during transport 
Caution. Federal law prohibits dispensing without prescription 
For complete details including dosage please see full prescribing information 
References 
1. Evarts CM: Critical Care Medicine 4:62-66, March-April 1976. 2. Brown DW 
Wells HP. Ripple RC: Today's Clinician 2 14-19. January 1978 3 Salzman EW 
Harris WH: J Bone and Joint Surgery 58-A 903-913, October 1976 4 Salzman EW 
Harris WH, DeSanctis RW: New Engl! J Med 284 1287-1292. June 10. 1971 
5. Langsjoen PH, Murray RA JAMA 218:855-B60. November 8, 1971 6 Jansen H 
Acta Chir Scand Suppl: 427. 1972. 7. King CR. Daly JW. Amer J Obstet Gynec 
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Pharmacia Laboratories 
Division of Pharmacia Inc 

800 Centennial Avenue 
Piscataway, New Jersey 08854 


Tablets 


PERCOCET-5 (i 


Brief Summary of Prescribing Information 

DESCRIPTION Each tablet of PERCOCET®-5 contains 
9 mg oxycodone hydrochloride (WARNING: May be habit 
forming), 325 mg acetaminophen (APAP). 


INDICATIONS For the relief of moderate to moderately 
severe pain. 

CONTRAINDICATIONS Hypersensitivity to oxycodone or 
acetaminophen. 

WARNINGS Drug Dependence Oxycodone can produce 
drug dependence of the morphine type and, therefore, 
has the potential for being abused. Psychic 
dependence, physical dependence and tolerance may 
develop upon repeated administration of 
PERCOCET* -5, and it should be prescribed and 
administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, PERCOCET* -5 is subject to the Federal 
Controlled Substances Act. 

Usage in ambulatory patients Oxycodone may impair 
the mental and/or physical abilities required for the 
performance of potentially hazardous tasks such as 
driving a car or operating machinery. The patient using 
PERCOCET*-5 should be cautioned accordingly. 
Interaction with other central nervous system 
depressants Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) concomitantly with 
PERCOCET* -5 may exhibit an additive CNS depression. 
When such combined therapy is contemplated. the dose 
of one or both agents should be reduced. 

Usage in pregnancy Safe use in pregnancy has not 
been established relativé to possible adverse effects on 
fetal development. Therefore, PERCOCET* -5 should not 
be used in pregnant women unless, in the judgment of 
the physician, the potential benefits outweigh the 
possible hazards. 

Usage in children PERCOCET" -5 should not be 
administered to children. 

PRECAUTIONS Head injury and increased intracranial 
pressure The respiratory depressant effects of 
narcotics and their capacity to elevate cerebrospinal 
fluid pressure may be markedly exaggerated in the 
presence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. 
Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with 
head injuries. 

Acute abdominal conditions The administration of 
PERCOCET* -5 or other narcotics may obscure the 
diagnosis or clinical course in patients with acute 
abdominal conditions. 

Special risk patients PERCOCET* -5 should be given 
with caution to certain patients such as the elderly or 
debilitated. and those with severe impairment of 
hepatic or renal function, hypothyroidism, Addison's 
disease, and prostatic hypertrophy or urethral stricture. 


ADVERSE REACTIONS The most frequently observed 
adverse reactions include light-headedness, dizziness, 
sedation, nausea and vomiting. These effects seem to 
be more prominent in ambulatory than in 
nonambulatory patients, and some of these adverse 
reactions may be alleviated if the patient lies down. 


Other adverse reactions include euphoria, dysphoria, 
constipation, skin rash and pruritus. 


DOSAGE AND ADMINISTRATION Dosage should be 
adjusted according to the severity of the pain and the 
response of the patient. It may occasionally be 
necessary to exceed the usual dosage recommended 
below in cases of more severe pain or in those patients 
who have become tolerant to the analgesic effect of 
narcotics. PERCOCET* -5 is given orally. The usual 
adult dose is one tablet every 6 hours as needed for 
pain. 

DRUG INTERACTIONS The CNS depressant effects of 
PERCOCET* -5 may be additive with that of other CNS 
depressants. See WARNINGS. 6085 BS 
DEA Order Form Required. 

PERCOCET” is a U.S. registered trademark of Endo Inc. 


€ndo Inc. 


Manati, Puerto Rico 00701 





Subsidiary of the DuPont Company € 


Subsidiary of Endo Laboratories. Inc i 
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SOME PEOPLE 
C/N TOLERATE ANYTHING 
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Each tablet contains 5 mg oxycodone.HCI (WARNING: May be habit forming) 
gu c, and3257 a V p (APAP) (T SNR, ad 
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4 indicated for moderate to moderately severe pain 


| 3 contains well-tolerated acetaminophen 
^ 3 provides the effective analgesia of oxycodone  - 
A —.:*- O scored tablet permits finer titration ~ , 3x 
« ^ D convenient, economical q6h dosage ` x 


Please see opposite page for brief summary of prescribing information. 
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..it has long been recognized that pee tension, agitation, and apprehension are all capable 
of increasing pain perception.. 


Halpern, L. M.: Anxiety and pain in postoperative patients. Hospital Practice (special report) January 1977, pp 31 38. 
A 


Following surgery... 
the perception of pain diminished 
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Visfaril LM. 


hydroxyzine HCI 








— reduces the anxiety 


: component of pain 
| b —permits reduction in 
Dy . narcotic dosage 


E — controls emesis 


Please see Brief Summary on following page for contraindications, precautions and adverse reactions. 
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islaril LM. 
(hydroxyzine HCl) 


100 mg/2 ml — 50 mg/ml and 
25 mg/ml Vials and Isojects? 


preoperatively 
an 
postoperatively 


e allays presurgical anxiety... allays 
the anxiety that may heighten the 
perception of postoperative pain 

e may enhance the effects of analgesics 
and reduce narcotic requirements 


e controls postoperative emesis 


e vital signs are seldom impaired 
(Involuntary motor activity, includ- 

-ing rare instances of tremor and 
convulsions, has been reported, 
usually with higher than recommen- 
ded dosage.) 


BRIEF SUMMARY 

VISTARIL® (hydroxyzine hydrochloride) 
Intramuscular Solution/For Intramuscular Use Only 
Contraindications: Hypersensitivity to hydroxyzine. 
The solution is for intramuscular use only and 
should not, under any circumstances, be injected 
subcutaneously, intra-arterially, or intravenously. 

Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit, induced fetal abnormalities 
in the rat at doses substantially above the human 
therapeutic range. Since adequate data are not 
available to establish safety in early pregnancy, 
hydroxyzine is contraindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE 
THE ACTION OF CENTRAL NERVOUS SYSTEM 
DEPRESSANTS SUCH AS NARCOTICS AND 
BARBITURATES. In conjunctive use, dosage for 
these drugs should be decreased as much as 50"/o, 
Because drowsiness may occur, patients should 
be cautioned against driving a car or operating 
dangerous machinery. The usual precautions for 
intramuscular injection should be followed; soft- 
tissue reactions have rarely been reported when 
proper technique has been used. Hydroxyzine 
intramuscular solution should be injected well 
within the body of a relatively large muscle. Inad- 
vertent subcutaneous injection may result in signif- 
icant tissue damage. In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., 
gluteus maximus), or the mid-lateral thigh. In 
children, preferably the mid-lateral muscles of the 
thigh. In infants and small children, the upper outer 
quadrant of the gluteal region should only be 
used when necessary, as in burn patients, in order 
to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if 
well developed, such as in certain adults and older 
children, and then only with caution to avoid radial 
nerve injury. Intramuscular injections should not 
be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid 
inadvertent intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it 
is usually transitory and may disappear in a few 
days of continued therapy or upon dosage reduc- 
tion. Dryness of the mouth may occur with higher 
doses. Involuntary motor activity, including rare 
instances of tremor and convulsions, has been 
reported, usually with doses considerably higher 
than those recommended. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular 
Solution: 25 mg/ml—10 ml vials; 50 mg/ml—2 ml 
and 10 ml vials; Isoject®, 25 mg/ml and 50 mg/ml— 
1 ml fill; 100 mg/2 ml—2 ml fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg/ml, 
10 ml vials) 

VA Depot: NSN 6505-00-052-1367B (50 mg/ml, 
10 ml vials) 


More detailed professional information available 


on request. 2 
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Amino Acid Derangements in Patients With Sepsis: 


Treatment With Branched Chain Amino Acid Rich Infusions 


HERBERT R. FREUND, M.D., JOHN A. RYAN, JR., M.D., JOSEF E. FISCHER, M.D. 


Sepsis is a major catabolic insult resulting in modifications in 
carbohydrate and fat energy metabolism, and leading to 
increased muscle breakdown and nitrogen loss. Insulin re- 
sistance, which develops in sepsis, decreases glucose utiliza- 
tion, but plasma insulin levels are sufficiently elevated to pre- 
vent lipolysis, resulting in a further energy deficit. The avail- 
ability of fuels in sepsis is therefore limited, and the body 
resorts to muscle breakdown, gluconeogenesis, and amino 
acid oxidation for energy supply. Previous work has not de- 
fined, however, the exact alterations in amino acid metabolism. 
Therefore, the following studies were undertaken. Blood 
samples were drawn from fifteen patients in whom the diagnosis 
of sepsis was clinically established; the samples were analyzed 
for amino acid, 6-hydroxyphenylethanolamines, glucose, in- 
sulin and glucagon concentrations. The plasma amino acid 
pattern observed was characterized by an increase in total 
amino acid content. due mainly to high levels of the aromatic 
amino acids (phenylalanine and tyrosine) and the sulfur-con- 
taining amino acids (taurine, cystine and methionine). Alanine, 
aspartic acid, glutamic acid and proline were also elevated, 
but to a lesser degree. The branched chain amino acids (valine, 
leucine and isoleucine) were within normal limits, as were 
glycine, serine, threonine, lysine, histidine and tryptophan. 
Those patients who did not survive sepsis had higher levels of 
aromatic and sulfur-containing amino acids as compared to 
those patients surviving sepsis. On the other band, those pa- 
tients surviving sepsis had higher levels of alanine and the 
branched chain amino acids. In a second group of five pa- 
tients with overwhelming sepsis accompanied by a state of 
metabolic encephalopathy, a parenteral nutrition solution con- 
sisting of 23% dextrose, and an amino acid formulation en- 
riched with branched chain amino acids was administered. In 
these five patients, normalization of the plasma amino acid 
pattern and reversal of encephalopathy was observed. The 
following sequence of events may be postulated: The septic 
patient develops insulin resistance in the peripheral tissues, 
primarily muscle, while the adipose tissue is much less af- 
fected. The insulin resistance and the inability to utilize fat 
leads to increased muscle proteolysis. Muscle breakdown re- 
sults in release into the blood of enormous amounts of various 
amino acids; the muscle itself is able to oxidize the branched 
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chain amino acids, supplying the muscles’ own energy require- 
ments and alanine for gluconeogenesis. The extensive muscle 
proteolysis coupled with relative hepatic insufficiency occur- 
ring early in sepsis results in the appearance in the plasma 
of high levels of most of the amino acids present in muscle, 
particularly the aromatic and the sulfur-containing amino 
acids. The outcome of patients with sepsis might be positively 
affected by combined therapy with glucose, insulin and 
branched chain amino acids. 


HE METABOLIC CONSEQUENCES of infection have 
been the subject of increased interest in recent 
years, with particular attention being paid to deranged 
energy metabolism in sepsis and septic shock. Char- 
acteristically, in sepsis, proteolysis and negative nitro- 
gen balance?*!5 are accompanied by the suppression of 
lipolysis'® and a diabetic-type glucose tolerance curve 
with insulin resistance and decreased ability to oxidize 
glucose in the periphery,*' These derangements in 
energy metabolism formed the theoretical basis for the 
treatment with hypertonic glucose, insulin and potas- 
sium.?*?? However, although infection and sepsis are 
major catabolic stimuli, only limited insight into de- 
rangements in protein and amino acid metabolism in 
sepsis has been evident. Previous experiments from 
other laboratories has suggested that in overwhelming 
sepsis, a peripheral energy deficit is present; this deficit 
is generally made up by the increased breakdown of 
lean body mass and the oxidation of amino acids, par- 
ticularly the branched chain amino acids.'? However. 
the exact alterations in the other amino acids have not 
been fully investigated. 

In the following studies, patients with established 
clinical sepsis were studied from the standpoint of 
amino acid metabolism, glucose, insulin and glucagon 
levels. The results reveal a deranged amino acid pat- 
tern in sepsis, generally consisting of elevated total 
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TABLE I. Causes of Sepsis in 15 Patients - Once the diagnosis of sepsis was clinically estab- Jy 


: eer ee lished, blood samples were drawn for amino acid analy- 








Cause Patients sis, B-hydroxyphenylethanolamines (octopamine, and A 
aa : : phenylethanolamine). glucose. insulin and glucagon `- 
Abdominal sepsis 9 men 

Perforated diverticulitis asaye mm m 
Perforated colonic cancer Amino acid determinations in plasma were carried 
Postoperative intra-abdominal abscess out by a Beckman 121-MB amino acid analyzer, on 
Mesenteric occlusion — gangrenous bowel due : oe : ul CL. call : 
Cholámitis plasma which was deproteinized with 4% sulfosalicylic , 
l acid. Octopamine and phenylethanolamine were meas- , 
Urologic sepsis 2 ER MM MT e ! ; 
QUE PUN ROME NER HEROUM) a ured simultaneously by aradioenzymatic method modi- ° 
Venous catheter sepsis (central) 2 | bd f f . . 
Burn sepsis 2 fied after Molinoff.'* Plasma immunoreactive insulin. * 
I5 was measured by combined radioimmunoassay” and 


plasma immunoreactive glucagon was measured by, 
radioimmunoassay using a 30 K antibody.” Statistical 
analyses are based on Student's t-tests. 

Treatment was also initiated in five additional pa- . 
tients with abdominal sepsis, similar to the first group 
of 15 patients, but in the presence of grade II - IV meta- 
bolic encephalopathy.' The patients were treated with 4 
an amino acid solution (F080) enriched with branched 
chain amino acids (35% branched chain amino acid 
compared to 22% in Freamine)^* and decreased aro- 
matic amino acids; amino acid pattern, B-hydroxy- 
phenylethylamines, insulin and glucagon in the plasma 


amino acids secondary to the elevation of aromatic 
and sulfur-containing amino acids. It appears that one 
can differentiate between those patients who may or 
may not survive their septic episode on the basis of a 
plasma amino acid pattern. In another group of patients 
with a similar yet more severely deranged amino acid 
pattern and a metabolic type of encephalopathy, an 
amino acid solution rich in branched chain amino acids 
and deficient in aromatic amino acids was infused, with 
resulting normalization of a plasma amino acid pattern 


and awakening from metabolic encephalopathy coinci- 
dent with, of course, therapy of the septic episode. 
The results suggest that in patients with sepsis, muscle 
proteolysis and early hepatic function derangements 
conspire to produce a plasma amino acid pattern which 
is quite similar to that seen in hepatic failure and 
hepatic coma. Application of principles similar to those 
utilized in the treatment of hepatic encephalopathy, 
such as the infusion of glucose, insulin and the branched 
chain amino acids, appears to result in amelioration of 
the coma-like state and perhaps improvement in the 
overall metabolic status. Metabolic intervention in pa- 
tients with sepsis may prove to be an important thera- 
peutic modality. 


Material and Methods 


Fifteen patients hospitalized for various reasons at 
the Massachusetts General Hospital form the basis for 
this study. All patients suffered an episode of severe 
sepsis at some stage of their hospital stay. The causes 
of sepsis are specified in Table 1. Sepsis was defined 
clinically as a state of severe infection (fever, chills, 
prostration, leukocytosis) with widespread bacterial in- 
vasion sometimes resulting in a state of hypoperfusion 
and vascular collapse, and usually occurring as a result 
of an acute abdominal catastrophe, gangrenous bowel 
or as a direct result of bacterial introduction into the 
blood stream. Positive blood cultures were not sine 
gua non for establishing the diagnosis of sepsis, but 
were encountered in 10 of the 15 patients. Patients with 
bacteremia but without clinical symptomatology of 
sepsis were excluded. 


were followed daily. A clinical assessment of en- 
cephalopathy grades was based on the criteria of 
Adams and Foley.' 


Results 


The amino acid pattern in the first group of 15 pa- 
tients is summarized in Fig. 1. There was a significant 
increase in the plasma concentrations of the aromatic 
amino acids, phenylalanine and tyrosine. Phenylalanine 


levels increased to a mean of 340% of the norm, and « 


tyrosine 194%. There were also marked increases in 
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Fic. 1. Mean plasma levels of amino acids, represented as percentage 
of normal in 15 acutely septic patients. The shadowed area repre- 
sents normal + S.E.M. values. 
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the sulfur-containing amino acids, with a mean rise of 
170% for taurine, 225% for cystine and 351% for 
methionine. Lesser amino acids elevations include pro- 
line (207%), aspartic acid (171%), glutamic acid (141%) 
and alanine (123%). The branched chain amino acids 
(leucine, isoleucine and valine), lysine, threonine, 
serine, histidine, glycine and tryptophan were within 
normal limits. Arginine levels decreased to 24% of 
normal. e 

The mean total free amino acids was elevated from 
a norm of 2126.3 n mol/ml to 2511.6 n mol/ml, (118% of 
norm) while total branched chain amino acids re- 


' ~~smained within normal limits (397.88 n mol/ml vs. 324.6 





+ 


* 


n mol/ml). The ratio of branched chain amino acids 
to total amino acids decreased to 65% of its normal 
value. Octopamine and phenylethanolamine, B-hy- 
droxyphenylethanolamine derivatives of phenylalanine 
and tyrosine, which may function as false or co-neu- 
rotransmitters (FNT),*" were markedly elevated in six 
patients, all of whom also had markedly elevated levels 
of aromatic amino acids. In three additional patients, 
mild elevations in FNT levels were associated with 
small increases in plasma aromatic amino acid concen- 
trations. Six patients with no change in FNT levels had 
low to markedly increased aromatic amino acid levels, 
so the association is not perfect. 

Four patients out of the initial group of 15 patients 
were in a state of metabolic coma resulting from their 
septic state. No direct correlation could be found be- 
tween the state or degree of coma and the plasma levels 
of FNT and amino acids to differentiate these four 
patients from the others. 

Blood sugar levels ranged from 50 mg% to 459 mg% 
(mean 166 + 45 mg%). Serum insulin levels ranged from 
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Fic. 2. Regression analysis of total plasma amino acid levels 
(nMol/ml) against insulin/glucagon ratio in 11 septic patients. There is 
no significant correlation between the two variables. 
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INSULIN / GLUCAGON 
Fic. 3. Regression analysis of branched chain to total amino acid ratio 


against insulin/glucagon ratio in ten septic patients. There is no 
significant correlation between the two variables. 


7.5 to 145 uu/ml (mean 37 + 10 uu/ml). Serum glucagon 
levels ranged from 150—530 pg/ml (mean 361 + 34). 
High glucagon levels were not necessarily associated 
with high levels of alanine. or low levels of insulin. 
The insulin to glucagon molar ratio (/G x 23.33) was 
3.61 + 1.31, being 233% of normal. No correlation was 
found between glucose levels and the F/G ratio (10 pa- 
tients). Increase in the I/G ratio was followed bv an 
increase in total amino acid in the plasma; however, 
linear regression analysis of this relationship proved 
statistically nonsignificant (Fig. 2). The ratio between 
branched chain and total amino acids decreased with 
the increase in I/G ratio (Fig. 3) which also proved 
statistically nonsignificant. Similarly, the relationship 
between the branched chain amino acid level and F/G 
ratio (Fig. 4) was not statistically significant. 

A correlation was found between certain amino acid 
levels and survival rates. Those patients who did not 
survive sepsis had higher levels of aromatic and sulfur- 
containing amino acids as compared with those patients 
surviving sepsis. On the other hand, those patients 
surviving sepsis had higher levels of alanine and the 
branched chain amino acids. Although statistically, 
only cystine, methionine, total branched chain and 
alanine levels were significantly different for differ- 
entiating survivors from nonsurvivors, we assume that 
with a larger population of patients, all amino acids 
would have been statistically significant (Table 2, Fig. 6). 
In order to express this mathematically, a ratio between 
phenylalanine plus methionine as numerator, and tyro- 
sine plus total branched chain amino acids as de- 
nominator was calculated. This ratio, which in the nor- 
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Fic. 4. Regression analysis of plasma total branched chain amino 
acid levels (nMol/ml) versus insulin/glucagon ratio in eleven septic 
patients. There is no significant correlation between the two 
variables. 


mal patient is 0.16, was 0.43 + 0.08 in the survivor 
group as opposed to 1.99 + 0.65 in nonsurvivors 
(p < .05). 

In a second group of five patients with overwhelming 
sepsis accompanied by a state of metabolic encephalop- 
athy, grades II-IV,' a parenteral nutrition solution 
consisting of 23% dextrose, and an amino acid formula- 
tion (F080) enriched with branched chain amino acids 
(35% vs. the usual 22% in parenteral nutrition solu- 
tion) was administered.®’ In these five patients, nor- 
malization of the plasma amino acid pattern (Table 3) 
and reversal of encephalopathy was observed. Phenylal- 
anine and tyrosine which at the start of therapy were 
elevated to a mean of 255 and 19846 respectively, and 
cystine and methionine which were increased to 336 
and 321% respectively, returned to normal levels. 
Taurine levels which had been elevated to 154% normal 
at start of therapy, remained elevated. Alanine, valine, 
leucine and isoleucine levels which were within normal 
levels during sepsis, remained normal during the in- 
fusion of F080 (Fig. 6). 


Comments 


Sepsis is a major catabolic insult leading to increased 
muscle breakdown and nitrogen loss.?:51'15435 This pro- 
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gressive proteolysis is accompanied by modified 
carbohydrate and fat energy metabolism. The insulin 
resistance which develops in sepsis decreases glucose 
utilization and renders patients catabolic, very much as 
patients with low insulin levels. However, plasma 
insulin. levels are sufficiently elevated to prevent 
lipolysis, resulting in further energy deficit,?!* The 
availability of fuels in sepsis is therefore limited and 
the body turns to muscle breakdown and amino acid 
oxidation (mainly BCAA) to supply energy needs. 
The first group of 15 septic patients demonstrated an 
increase in total plasma amino acid concentrations due 


mainly to high levels of the aromatic amino acids*" ' 


(phenylalanine and tyrosine) and the sulfur-containing 
amino acids (taurine, cystine and methionine). Also 
elevated, but to a lesser degree, were alanine, aspartic 
acid, glutamic acid and proline. The branched chain 
amino acids (valine, leucine, and isoleucine) were 
within normal limits, as were glycine, serine, threonine, 
lysine, histidine and tryptophan. Arginine levels were 
exceptionally low. Wannemacher, et al. in a series of 
animal and human experiments demonstrated a de- 
crease in total plasma free amino acids during various 
bacterial and viral infections.” Regarding individual 
amino acids, Wannemacher demonstrated a marked 
increase in plasma phenylalanine, tyrosine, and 
tryptophan levels with an increase in the phenylalanine 
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Fic. 5. Graphic display of differences in plasma amino acid patterns 
in patients who ultimately survived and those who did not survive an 
episode of sepsis. Those who survived had higher (more normal) 
levels of alanine and the branched chain amino acids and lower (more 
nearly normal) plasma concentrations of the aromatic amino acids 
(phenylalanine and tyrosine) and the sulfur containing amino acids 
methionine and cysteine. 
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to tyrosine ratio. Others found high levels of 
phenylalanine and alanine in the blood of septic pa- 
tients,’ and an increased release of alanine and 
glutamine from skeletal muscle of infected rats?? and 
septic patients!" The plasma amino acid pattern of our 
patients is qualitatively similar to the one seen in 
patients with acute liver failure, namely a ""break- 
down” pattern resulting from extensive protein 
degradation, in thise case, mainly muscle protein, 
without reutilization ofthe released amino acids. In our 
patients there was a significant increase in plasma 
amino acids usually metabolized by the liver (aromatic 
and sulfurcontaining amino acids). However, unlike 
hepatic failure, alanine levels were only mildly elevated 
and the branched chain amino acids were within normal 
levels, suggesting continued utilization of these amino 
acids, or relatively normal release from muscle. 

In evaluating the results reported herein, and other 
reports in the literature, the following sequence of 
events may be postulated: 

The septic patient develops a diabetic type of glucose 
tolerance curve which is due to insulin resistance in the 
peripheral tissues, primarily the muscle,'9:!* while the 
adipose tissue is much less affected.'9/5 The insulin 
resistance and the inability to utilize fat occurs, para- 
doxically at a time when the body is in desperate need of 
easily accessible energy, and leads to increased prote- 
olysis.* The source of most of the mobilized protein is 
muscle tissue, while visceral protein is spared. As the 
muscle is insulin-resistant during sepsis and unable to 
utilize glucose, and as fatty acids and ketones are not 
available, the muscle turns to the use of its own amino 
acids. Muscle breakdown results in release into the 
circulation of large amounts of various amino acids, with 
the exception of the branched chain amino acids, which 
the muscle itself is able to oxidize. The oxidation of the 
branched chain amino acid serves to supply the 
muscles' own energy requirements, as well as the nitro- 
gen and perhaps even the carbon skeleton for alanine 
synthesis in the muscle. The alanine so produced in the 
muscle is transferred to the liver where it is used 
for gluconeogenesis.’ The utilization of BCAA for 
muscle energy and of alanine for gluconeogenesis 
explains the normal levels of BCAA and the only mildly 


TABLE 2. Plasma Amino Acid Levels in Surviving and Nonsurviving 
Septic Patients (n molíml) 





Normal Total (I5 pts.) Survivors Nonsurvivors 
Taurine 52 t 6 88 = 13 62 + 14 105 + 18 
Cystine 42 + 14 94 + 20 70 + 20* 1215-42 
Methionine 24+ 4 84 + 16 36 2 [5* 73+ 16 
Tyrosine 46 + 8 88 + 17 68 + 16 100 + 35 
Phenylalanine 47 + 5 144 + 24 92 + 13 178 + 22 
Alanine 334434 410+ 83 437 + 57* 211 + 87 
Total BCAA 398 + 40 325 + 35 340 + 89* 232 + 70 








* p < 0.05, 
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ESSENTIAL NON-ESSENTIAL 
Fic. 6. Mean plasma levels of aromatic, sulfur containing, branched 
chain amino acid and alanine in five patients during acute sepsis and 
during treatment with a branched chain amino acid rich solution 
(F080). Note the normalization of the amino acid pattern during the 
infusion of F080 which also coincides in all five patients with reversal 
of metabolic encephalopathy. 


elevated level of alanine in our patients. Of the remain- 
ing amino acids released into the circulation as a result 
of muscle proteolysis, the aromatic and sulfur- 
containing amino acids cannot be utilized by the 
muscle, but must be metabolized by the liver for the 
formation of new plasma and hepatic proteins or used 
for energy metabolism by liver or other visceral organs. 
During infection the liver is synthesizing acute phase 
plasma proteins.?* However, except for these, protein 
synthesis by the liver is reduced because of early 
hepatic dysfunction occurring in sepsis,” or because of 
the lack of essential amino acids like the BCAA which 
are utilized to supply muscle energy requirements. The 
net end result of muscle breakdown with release of 
amino acids into the blood, coupled with relative 


TABLE 3. Amino Acid Levels (n molíml) in Five Patients During 
Sepsis and Coma Following Treatment with FO8O 
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Normal Sepsis—-Coma FO80-Postawakening 

Taurine 52+ 6 80 + 19 83 + 4| 
Cystine 42 + 14 141 + 17 44+ ll 
Methionine 24+ 4 17 x 20 25k 2 
Phenylalanine 47 + S [Zi 21 S8 * 6 
Tyrosine 46+ 8 Of + 14 485 + $^ 
Alanine 334 + 34 325 x 67 265 + 32 
Valine 218 + 29 185 + 25 207 + 36 
Leucine 117 + 10 109 + 14 108 + 18 
Isoleucine 63+ 9 57x 8 69 = 
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hepatic incompetence, is an excessive accumulation of i 


all the unused amino acids in the patient's plasma, as 
demonstrated by a ‘‘catabolic’’ pattern of amino acids 
in our patients’ plasma. Exceptional, of course, were 
the BCAA used by the muscle and alanine utilized for 
gluconeogenesis which were present at normal or near 
normal levels. 

When comparing the plasma amino acid pattern of 
the surviving and nonsurviving patients a very clear 
distinction can be made (Table 2). Surviving patients 
had decreased levels of aromatic and sulfur-containing 
amino acids and higher levels of branched chain amino 
acids and alanine, as compared to the group of non- 
survivors. Whether these differences represent better 
preserved hepatic function in the survivors or mainte- 
nance of better overall energy metabolism is not clear. 
Better maintenance of hepatic function in survivors is 
plausible, as hepatic failure is a common mode of death 
in septic patients. 

In the second group of five septic patients an 
attempt was made to restore the plasma amino acid 
pattern to normal hyperalimentation, using 23% 
glucose, insulin and an amino acid mixture rich in 
branched chain amino acids, but poor in tryptophan, 
methionine and phenylalanine. In these five patients 
the resulting normalization of the plasma amino acid 
pattern (Fig. 6) was probably due to decreased efflux of 
amino acids from the skeletal muscle, as suggested also 
in vitro experiments by Odessey, et al.'' Thus, the role 
of the branched chain amino acids in correcting some of 
the metabolic problems in sepsis is to provide an 
exogenous source of energy to skeletal muscle and pre- 
venting skeletal muscle breakdown, and to control, 
independent of their energy satisfying needs, the efflux 
of various amino acids from skeletal muscle. 

Simultaneously, with the normalization of plasma 
amino acid pattern (and the treatment of sepsis) meta- 
bolic coma thought to be secondary to sepsis cleared, 
and the patients improved to normal neurological 
status. Previous work from this laboratory has sug- 
gested that in hepatic failure in which a similar plasma 
amino acid pattern is present, normalization of plasma 
amino acid pattern results in improved neurotransmis- 
sion, which is secondary to decreased brain toxic aro- 
matic amino acids by principles of competition at the 
blood brain barrier and perhaps improvement in neuro- 
transmitter profile.*? The decrease in plasma aromatic 
amino acids as well as sulfur-containing amino acids 
may have had a causal relationship with awakening 
from metabolic encephalopathy. If this is the case, it 
raises the possibility of a common mechanism of all 
forms of metabolic encephalopathy, hepatic, septic and 
possibly uremic as well. Further investigations will be 
necessary to prove or disprove the accuracy of this 
suggestion. 
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Conclusions 


Energy deficit in sepsis increases the utilization of 
the branched chain amino acids for energy metabolism. 
This selective use of the BCAA to satisfy energy re- 
quirements requires extensive muscle breakdown and 
proteolysis. The extensive muscle proteolysis coupled 
with a relative hepatic insufficiency results in the 
appearance in the plasma of high levels of most of the 
amino acids present in muscle? particularly the aro- 





matic and the sulfur-containing amino acids. Plasma, >“ i 


levels of the aromatic, the sulfur-containing, the 
branched chain amino acids, and alanine correlated 
well with survival. Those patients surviving sepsis, had 
lower levels of aromatic and sulfur-containing amino 
acid with higher levels of the branched chain amino 
acids and alanine. This relationship might prove bene- 
ficial in predicting a patient's prognosis. Manipulation 
of the deranged plasma amino acid pattern of septic 
patients by the infusion of an amino acid mixture rich in 
branched chain amino acids and poor in aromatic amino 
acids resulted in the normalization of the plasma amino 
acid pattern, and awakening from septic-metabolic 
coma. The outcome of patients in sepsis might be posi- 
tively affected by the combined treatment of glucose, 
insulin and branched chain amino acids. 
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DISCUSSION 


Dr. GEORGE H. A. Clowes, JR.: | think we've heard a most 
important paper this afternoon, in terms of taking care of the really 
sick patients who confront us on surgical services, namely, those that 
are grossly septic. I'd like to make three points. I want to show you 
some data from our own studies that confirm what Dr. Fischer has 
said, to talk briefly about the mechanism that probably produces this 
situation and, finally, I would like to point up the significance of his 
suggestion of using the branched chain amino acid solution. 

(Slide) This diagram emphasizes that the blood levels that have 
been presented to you are the result of what happens to the amino 
acids in the central part of the system, in the liver and kidney and 
their production in the periphery. 

Dr. Fischer has emphasized that the branched chains and certain 
others are oxidized, NH, is released and transaminated to pyruvate to 
make alanine, a glucogenic amino acid, along with glutamine. The 
other amino acids have to be released under those conditions, 
because everything isn't there for resynthesizing the protein in the 
muscle. 

Now, with this in mind, we have examined the exchange of amino 
acids across the periphery. (Slide) Here we have the various groups 
that he's talked about. This is alanine, and the hatched bar represents 
our overnight normal fasting values. The white bar represents 
Fehlig's data from adaptive starvation. 

You will notice that in every category the process is enhanced 
when liver failure is present. In other words, the branched chain 
amino acids are released in greater quantities. but at the same time 
the production of alanine glutamine from them is greatly enhanced. 
Here we have the sulfur-containing ones, methionine, which he men- 
tioned and most important of all are the aromatics. tyrosine and 
phenylalanine. 

Now, this represents approximately 40 cases, and I think that 
these values are significant. 

(Slide) Looking at the values of the amino acid contents, or con- 
centrations, in the blood, the branched chain amino acids actually 
are lower, but they're not as low as we see in adaptive starvation. 
There's something else going on. The important thing is that the 
phenylalanine, even in sepsis without liver failure, is elevated, and 
it's significantly elevated in those with liver failure. 

(Slide) Other experimental and clinical work shows that the liver is 
frequently injured in the septic patient. To illustrate, this patient 
developed liver failure without a trace of it beforehand following a 
severe septic process in his abdomen. He's comatose, he's not 
healing his wound, and he's overwhelmed with infection and has 
pulmonary failure. 

(Slide) Now, here's the record of that patient. You'll notice that 
his bilirubin progressively rose, and, importantly, whenever we 
infused enough amino acids, particularly thvronine, we got the 


alanine up and the isoleucine up, but the phenylalanine, that bad 
actor in terms of what happens to the central nervous system. also 
rose. 

His plasma albumin fell in spite of infusing approximately three 
times the normal body content of albumin in the course of this 
disease. This, then, is the real trouble that leads to this difficulty. 

I again would like to congratulate Dr. Fischer on having come up 
with the answer to this problem, as he has just demonstrated to you. | 
wish I had had the ability to use amino acid mixture, but the FDA 
gets in the way, and Dr. Fischer had the courage and persistence to 
overcome this roadblock. We now are seeing what I think is a tre- 
mendous step forward. 


Dr. THOMAS F. NEALON, JR. (New York, New York): Drs. Cheng 
and Mills in our department have been following amino acids, as well 
as the usual biochemical parameters, in trying to evaluate the best 
nutritional routines for patients with advanced cancer, primarily, and 
they asked that I make two points concerning that. 

In their experience, the lowered branched chain amino acids need 
not be limited to the patients with overwhelming sepsis. Patients with 
inadequate nutrition, particularly inadequate calories, have the same 
problems; so the basic concepts may be applicable to more than just 
the cases that they spoke about. 

Secondly, when you are in a depleted situation in terms of the 
availability of these fine new solutions, we feel that the use of the 
TPN solution, and particularly if one uses an adequate amount of 
calories, is at least the best solution possible, until we do have 
these acids. 


DR. Francis D. Moore (Boston, Massachusetts): Joe Fischer and 
his group at the MGH have taken a remarkable leadership position in 
relating amino acid abnormalities in the blood to disease entities often 
encountered by the surgeon, and we are indebted to them for taking 
this particular tack in this complicated field and giving us this remark- 
ably interesting and useful paper. 

I would like to comment, and ask two questions. and I'm grateful 
for the chance to have seen the manuscript. 

Drs. Schoenheimer, Sprinson, and Rittenberg, working in the late 
thirties at Columbia with the first stable and radioactive isotopes of 
common elements, summarized their work in the Dunham Lectures 
in a book entitled The Dynamic State of Body Constituents. This 
work was the milestone on which all modern understanding of protein 
metabolism is based. They stated, in approximately these words, tha: 
the metabolic fate of amino acids is most importantly determined not 
by the number or location of the amino and carboxyl groups, but by 
the shape of the carbon skeletons. g 

(Slide) Here are these three interesting characters, the branched 
chain amino acids, the only ones that have a branch in their skeleton. 
When messenger RNA rolls by and says, ^ We need to put a branch in 
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the protein molecule," they have to get one of these three. Further- ? 


more eas both Dr. Clowes and Dr. Fischer implied, they are unique 
in that they can be used not only for structure, but also for energy. 
at least in muscle. It's important to realize that they exist in all 
proteins present in the human body, that they are ubiquitous in 
distribution and importance. They are not in any way confined to 
muscle. 

in this paper Dr. Fischer has demonstrated two things conclusively. 
First. there is a plasma branched chain anomaly in severely stressed 
patients who don't have external intake. Second, this can be rectified, 
along with the rest of the amino acid pattern, by certain infusions and 
maybe by others! 

The paper does not show. nor does it make any pretense of show- 
ing, two other very important things: 1) whether ordinary, commonly 
available amino acid mixtures, such as Freamine. (which is 22% 
branched chains by molar strength) may not be as effective as FO-80. 
] am sure that Dr. Fischer will be running those controlled experi- 
ments to avoid an unwarranted market demand for a solution until we 
really know that it's different from the ones now available. This 
control needs to be done, and | wonder if Dr. Fischer has any initial 
data on it. 

Second, he has not speculated on any mechanisms by which 
branched chain restoration may be doing the patients some good. | 
wonder if he would speculate and give us some theories there. Does 
he think that this is hepatic, or, as his paper implies, possibly cerebral, 
in its impact? We have a lot of patients in coma when they are very 
sick. and the neurologists come around and say it's a metabolic 
derangement. Maybe that is what being fixed with this amino acid 
treatment. 

We are entering a period of new clinical chemistry of amino acid 
availability, and these amino acid chromatograms are going to be 
available on a lot of patients. It's new knowledge for everyone to 
assimilate. The concept of amino acid ratios may help. Among these 
the BCAA/TAA ratio seems to be most useful. We have also found 
the alanine/urea ratio to be very interesting as an indicator of proteo- 
genesis as is gluconeogenesis. 


Dr. STANLEY M. LEVENSON (Bronx, New York): My question is a 
follow-up of Dr. Moore's. I realize that Dr. Fischer had only a short 
time to present the data. 1 would appreciate his telling us more about 
the four patients whom he treated with the special amino acid solution 
(higher in branched chain and lower in aromatic amino acids than the 
commercial preparations currently available in the United States) 
other than the one patient whom he presented during his talk. The 
latter patient had catheter sepsis, and when the catheter is removed as 
I assume it was, one expects the patient to improve. Also, as I looked 
at the slide depicting the data of that patient (it was on the screen for 
only a very short time, and Dr. Fischer can correct me if I am wrong) 
it seemed to me that the plasma amino acid pattern was returning 
toward normal by the time the infusion of the special amino acid 
solution was started. These factors make interpretation of the pos- 
sible effects of the infusion of the special amino acid solution difficult. 
It's always difficult —as we all know —in any clinical study of pa- 
tients who are not in a steady state to determine whether changes 
which occur are a result of what the physician is doing or whether the 
changes in the patient's course (clinical, laboratory findings etc.) 
are occurring coincidentally. and therefore associated with the change 
in treatment but not casually related to it. 

I would appreciate it if Dr. Fischer will comment in some detail 
about the other four patients. 


Dr. Joser E. FiscHER (Closing discussion): | am flattered by some 
of the discussants —first, Dr. Clowes, whose work in '74 and '76, the 
latter paper being presented, as I recall, at the University Surgeons, 
originally started us on this tack; and Dr. Moore, whose big blue book 
I read as a medical student, probably got me into this trouble to begin 
with. l'm very grateful for them to have commented. 
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First, l'm pleased to see Dr. Clowes' data in a much larger number 
of septic patients. | think there is a big difference between what 
happens to a patient whose liver holds up; I think in sepsis, when liver 
failure supervenes, all sorts of other things happen, as you showed 
much better than we did. 

Dr. Nealon, the point is very well taken that in the absence of 
special solutions the most important thing in patients who are septic 
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is nutritional support with an adequate number of calories and "Y * 


adequate protein. 

As far as this particular point, which was also made by Dr. Moore, 
most of the patients who have overwhelming sepsis are treated with 
Freamine. The question you raised earli& — that between supply and 
hepatic function —is perhaps attacked best by a paper of one of our 


residents, Dr. Harvey Rosen, which just appeared in Metabolism ^. 
(Metabolism 27:393 1978), in which he showed in a series of experi- ' 


ments in rats that plasma amino acid concentrations were maintained 
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in a very narrow range —in rats, at least —given a series of defined 


different sources of supply, provided hepatic function was normal. It 
was only when the rat’s liver was injured in some way, either by 
portacaval shunt, or perhaps by some 2,4-dimethylnitrosamine, 
which was not in that paper. that supply began to be very important, 
as far as what the animal's plasma amino acid and brain amino acid 
pattern actually was. 

That paper went one step further and showed that in shunted rats. 
if you actually could get the animal into positive nitrogen balance, 
not only did you affect his plasma amino acid pattern, but you also 
affected his brain amino acid pattern as well. 

This then refers to the next question you asked, and I don't really 
have enough time to speculate on the mechanism of action, but Dr. 
Freund, who has been very active in the past few years, will be 
presenting a paper in three weeks which shows that using a carotid 
loop preparation with an indwelling CSF cannula, one can get meta- 
bolic unresponsive Grade 4 coma with slowing ofthe EEG. and when 
the CSF concentrations of phenylalanine reach twelve times normal 
and the CSF concentrations of tryptophan reach six times normal; 
and that if you take that animal a week after you have put him into 
coma and, instead of just infusing phenylalanine and tryptophan, 
include the branched chain amino acids, that animal will not go into 
coma. The reason is that the CSF concentrations of tryptophan and 
phenylalanine are much lower than they were without the protection 
which is afforded by competition ofthe branched chain amino acids at 
the blood/brain barrier. All ofthese amino acids are part of one group, 
the neutral amino acid group, and they all compete for entry. 

In addition, there are changes in the blood/brain barrier in liver 
disease which I don't know whether are present in sepsis or not. 

I think Dr. Levenson asked a very important question, and this is 
the relative merit of on-going therapy, as opposed to these branched 
chain amino acids. It's difficult to separate out in a sick patient. I 
would just point out that the patient that we showed, the patient 
with catheter sepsis, had his cephalic vein excised five days before 
and was treated with antibiotics, as were the other four patients, one 
of whom had bilateral Gram-negative pneumonia and had been 
treated for ten days with no change in antibiotics, and the other 
three had overwhelming abdominal sepsis. 

A patient that we started two days ago. who actually was getting 
Freamine— again in answer to Dr. Moore's question—had been 
treated for ten days with multiple antibiotics, was not getting any 
better, and, in fact, became encephalopathic, probably because she 
was intolerant to Freamine. 

| think in most patients you will shut off catabolism and put them 
into positive nitrogen balance and cut off the aromatic amino acid 
efflux into the circulation with standard parenteral nutritional sup- 
port. For those very rare patients—and I think these pa- 
tients are rare, although they are getting more common — 
I think you might be able to do some good by giving them a special 
formulation. It may also be that more branched chains might be more 
valuable. 
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Perhaps they remembered the earlier days when 
single-use special procedures instruments didn’t 
always perform to expectations. Perhaps they 
demanded too much from single-use instruments. 


Now, they can demand all they want. Generation II 
is ready to meet all challenges—and challengers. 


Our Generation Il scissors cut, especially at the 
tips. Our Generation Il hemostats hold, without 
overbiting. Our Generation II needle holders grip, 
without slippage. 


When you need a sterile-packed, single-use 
instrument in the ER or on your rounds, Acme United 
Generation Il instruments and trays might be the best 
things you can put your hands on. Choose from 

16 well-made instruments, in 22 different tray 


configurations. We can also put up special dressing 
trays to suit your particular needs and specifications. 


That Acme United Generation Il single-use 
instruments cut risk of cross contamination, pilfer- 
age, and liability, and cost a tenth the price of re- 
usables is impressive. That they work well is impera- 
tive. We'll be pleased to send you some samples. 


Ask pr nurse to call our toll free number, 


(800) 243-9852, or write to Acme United Corporation, 
Medical Products Division, Bridgeport, Conn. 06609. 


Acme United GENERATION II 
Single-use instruments that get used. 


Acme United Corporation 
Medical Products Division 
Bridgeport, Connecticut 06609 
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ier control of motor block 


The variety of Marcaine dosage strengths and the ability of 
Marcaine to provide complete sensory block with or without 
significant motor block gives you more control during surgical 


procedures.’ 
D Less need for postoperative analgesics 


Marcaine with or without epinephrine has been demonstrated to 
postpone or reduce significantly the need for postoperative 
narcotics. '* 

Results vary with the procedure and the dose administered. 


=e Greater postoperative patient mobility 


Of 20 patients with flank incision, half were given intraoperative 
bupivacaine (Marcaine) intercostal blocks. Those who were given 
Marcaine required less pain medication, were sitting up 2 days 
earlier, walking 3 days earlier, and took a regular diet 2 days 
sooner? Ability to cough and breathe deeply was also greater 

in the Marcaine patients. 


The local anesthetic with more reasons to use it than any other. 


flatcaine hydrochloride 


brand of 


* zm m 
ul IV ain roc Ori e with or without 
epinephrine 1 200,000 


See important product information concerning warnings, adverse reactions, patient selection, and 
prescribing and precautionary recommendations on the next page. As with any local anesthetic, 
inadvertent intravascular injection may result in general convulsions. 


Please see following page for full prescribing information 
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The long-acting local anesthetic that gives you: 


1. More Control of Motor Block 
2. Less Need for Postoperative Analgesics 
3. Greater Postoperative Patient Mobility 


MARCAINE'" Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, 
infiltration, sympathetic block, caudal, or 
epidural block. 


Contraindication: Marcaine is contraindicated 
in patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT 
AND DRUGS SHOULD BE READILY 
AVAILABLE WHEN ANY LOCAL 
ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits and 
there is no evidence of harm to the animal 
fetus. The relevance to the human is not 
known. Safe use in pregnant women other 
than those in labor has not been established. 


Until further clinical experience is gained, 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia frequently 
follows paracervical block with some amide- 
type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be 
present in prematurity, toxemia of pregnancy, 
and fetal distress. 


The obstetrician is warned that severe 
persistent hypertension may occur after 
administration of certain oxytocic drugs, if 
vasopressors have already been used during 
labor (e.g., in the local anesthetic solution or 
to correct hypotension). l 


Solutions containing a vasoconstrictor, 
particularly epinephrine or norepinephrine, 
should be used with extreme caution in 
patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result 


Local anesthetics which contain 
preservatives, i.e., those supplied in multiple 
dose vials, should not be used for caudal or 
epidural anesthesia. 


Until further experience is gained in children 
younger than 12 years, administration of 
Marcaine in this age group is not 
recommended. 


Precautions: The safety and effectiveness 

of local anesthetics depend upon proper 
dosage, correct technique, adequate 
precautions, and readiness for emergencies. 


The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
high plasma levels and serious systemic side 
effects. Injection of repeated doses of 
Marcaine may cause significant increase in 
blood levels with each additional dose, due 
to accumulation of the drug or its metabolites 
or due to slow metabolic degradation. 
Tolerance varies with the status of the patient. 
Debilitated, elderly patients and acutely ill 
patients should be given reduced doses 
commensurate with age and physical 
condit/on. 


Solutions containing a vasoconstrictor should 
be used cautiously in areas with limited blood 
supply, in the presence of diseases that may 
adversely affect the patient's cardiovascular 
system, or in patients with peripheral vascular 
disease. , 


Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide-type 
local anesthetics. 


Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 
employed in patients during or following the 
administration of chloroform, halothane, 
cyclopropane, trichloroethylene, or other 
related agents. In deciding whether to use 
these products concurrently in the same 
patient, the combined action of both agents 
upon the myocardium, the concentration and 
volume of vasoconstrictor used, and the time 
since injection, when applicable, should be 
taken into account. 


Caution is advised in administration of repeat 
doses of Marcaine to patients with severe 
liver disease. 


Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A major 
cause of adverse reactions to this group of 
drugs is excessive plasma levels, which may 
be due to overdosage, inadvertent 
intravascular injection, or slow metabolic 
degradation. 


Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and the 
cardiovascular system. The central nervous 
system effects are characterized by excitation 
or depression. The first manifestation may be 
nervousness, dizziness, blurred vision, or 
tremors, followed by drowsiness, convulsions, 
unconsciousness, and possibly respiratory 
arrest. Since excitement may be transient or 
absent, the first manifestation may be 
drowsiness, sometimes merging into 
unconsciousness and respiratory arrest. 
Other central nervous system effects may be 
nausea, vomiting, chills, constriction of the 
pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels 
may include depression of the myocardium, 
blood pressure changes (usually 
hypotension), and cardiac arrest. In 
Obstetrics, cases of fetal bradycardia have 
occurred (see Warnings). 












Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or diminished 
tolerance, are characterized by cutaneous 
lesions (e.g., urticaria), edema, and other 
manifestations of allergy. Detection of 
sensitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal 
anesthesia also may include: high or total 
spinal block; urinary retention; fecal 
incontinence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower 
extremities; headache and backache; and 
slowing of labor and increased incidence of 
forceps delivery. 


Treatment of Reactions. Toxic effects of local 
anesthetics require symptomatic treatment; 
there is no specific cure. The physician 
should be prepared to maintain an airway 
and to support ventilation with oxygen and 
assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when 
appropriate, vasopressors (preferably those 
that stimulate the myocardium). Convulsions 
may be controlled with oxygen and 
intravenous administration, in small 
increments, of a barbiturate, as follows: 
preferably, an ultrashort-acting barbiturate 
such as thiopental or thiamylal; if this is not 
available, a short-acting barbiturate (e.g., 
secobarbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by those 
familiar with their use. 


References: 1. Moore DC, Bridenbaugh LD, 
Thompson GE, et al: Bupivacaine: a review 
of 11,080 cases. Anesth Analg 57: 42-53, 
1978. 2. Lund PC, Cwik JC, Vallesteros F: 
Bupivacaine —a new, long-acting local 
anesthetic agent: a preliminary clinical and 
laboratory report. Anesth Analg 49:103-114, 
1970. 3. Noller DW, Gillenwater JY, Howards 
SS. et al: Intercostal nerve block with flank 
incision. J Urol 117: 759-761, 1977 





-BREON BREON LABORATORIES INC. 
» 90 Park Avenue, New York, N.Y. 10016 
FORMULA 
PRODUCT IDENTIFICATION MULTIPLE DOSE VIAL SINGLE DOSE AMPUL 
Marcaine HCI ^ Epinephrine*| Methyl- Sodium Thio- Ascorbic 60%  Edetate | Sodium Thio- Ascorbic 60%  Edetate 
(brand of (as paraben Bisulfite glycerol Acid ^ Sodium Calcium |Bisulfite glycerol Acid Sodium Calcium 







bupivacaine HCI)  bitartrate) 


% mg./ml. Dilution |mg./ml. mg/ml. ml./ml. 





0.25 2.5 - 

0.25 25 1200000 

0.50 5.0 -- 

0.50 50 ~~ 1:200,000 

0.75 15 — 

0.75 75 . 1:200,000 Not Available in Vials 


Lactate Disodium 


mg./ml. ml./ml. 


Lactate Disodium 


mg./ml. | mg/ml. ml./ml. mg./ml. ml./ml. mg/ml. 








0.5 001 0017 0.1 


à 
0.5 001 2 0017 0.1 
0.5 001 2 0017 0.1 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make 


each solution isotonic. 


*Solutions of Marcaine that contain epinephrine should not be autoclaved. 


Federal law prohibits dispensing without a prescription. 
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A New Book! THE SHOULDER 
Surgical and Nonsurgical Management 


A This authoritative book brings together new concepts of treatment 
. ased on sound principles and proven clinical experience. Estab- 
“,gshed methods of treatment are also.reviewed and are interfaced 

with recent clinical advances. Various specialty areas and scientific 

disciplines are covered by eminent contributors who lend their 
expertise to solving numerous problems about the shoulder. The 
result is a comprehensive survey of conditions that affect the 
shoulder girdle. Each of the suggested treatments for various 
disorders has been shown to be reliable when judiciously selected. 
The text is wel illustrated, and stresses examination of the patient 
and diagnosis throughout. Complete and practical discussions of 
anatomy, biomechanics, microbial infections, rheumatology, neurol- 
ogy, trauma, tumors and rehabilitation are presented due to the need 
for an integrated understanding of these subjects for effective man- 
agement of various shoulder conditions. Anatomy and physiology of 
the region under discussion are correlated whenever possible. Clear 
and concise tables provided in the chapter on diagnosis contain 
extremely useful information needed in problem solving and cor- 
relating with the gross anatomy chapter that follows. Other important sections of the book review 

shoulder tumors and their surgical management, and rehabilitation needed for restoring function. A 

discussion of the principles of constrained total shoulder replacement demonstrates methods of 

technique. This new and comprehensive book on the shoulder is extremely practical and will prove 
useful to all physicians who deal with problems of the shoulder region. 
Edited and with contributions by MELVIN POST, M.D., Michael Reese Hospital and Medical Center, 

Chicago, Illinois. (15 Contributors). About 590 pp. (7 x 10), illus., 1978, Ready Now. 
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Up-to-date books you are sure to use... 


A New Book! 
CORONARY ARTERY SURGERY 


Z Authoritative and 
=< i complete in its treat- 
ment of the subject, 
this book encom- 
passes many aspects 


A New Book! THE HAND 


Surgical and Non-surgical Management 


A distinguished group 
of especially well qualified 
contributors have joined 
of coronary artery the authors in presenting 
disease. The surgeon a definitive, up-to-date 


will find precise, clin- text on diagnosis and 
ical information pre- treatment of hand disor- 


sented in a very logi- ders. This wealth of exper- 


cal and orderly fashion that greatly enhances tise, together with an 
the practical usefulness of the book. An abun- abundance of specially 
dance of information concerning use of the prepared illustrative ma- 
saphenous vein and the internal mammary terial, combine to form a 
artery as grafts, cannulation and extracorporeal highly clinical, practical 
circulation, choice of operative technique and study of the "state of the 





site of distal anastomosis, exposure of the 
heart, methods of vascular anastomoses, and 
management of complications is presented. 
Many original drawings clearly illustrate these 
technical maneuvers. Other chapters deal with 
the various pathologic processes for which 
coronary artery bypass is useful, and the 
subtleties of coronary anatomy. Anesthetic 
management is carefully outlined. 


art." Thirty chapters cover 
stiffness, pain, common 
dermatological disorders, pitfalls, psychological 
aspects of hand disorders, anesthesia, and 
biology of repair. Trauma, degenerative 
diseases, congenital anomalies and tumors, 
disorders of the musculotendinous, skeletal and 
neurological systems are dealt with in detail. 
Also included are chapters covering facilities for 


> By JOHN L. OCHSNER, M.D, and NOEL L treatment, examination and diagnostic 
MILLS, M.D., both of the Ochsner Clinic, New procedures, pre- and postoperative care, 
Orleans, Louisiana. 275 pp. (7 x 10), illus incisions and wounds, dressings and splints, 
1978. $25.00 | | : wound healing, and disability evaluation. 
Plat sey visit Ead ane Edited and with contributions by EUGENE S. 


-LEA & FEBIGER 


= 600 South Washington Square/Philadelphia, Pa. 19106 
a 


American College of Surgeons meeting 
San Francisco, Calif., Oct. 16-19, 1978. 


KILGORE, JR., M.D., University of California’ 
Medical School, San Francisco, California: and 
WILLIAM P. GRAHAM, Ill, M.D., Pennsylvania 
state University College of Medicine, Hershey. 
(19 Contributors). 502 pp. (8% x 11), illus., 
71977, $48.50. . 
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CAUTION 


In patients with decreased respiratory | 
reserve, morphine and related narcotics 
must be used with great caution. 

High Risk Patients 


m Severely obese patients m Emphysematous patients 
x m Patients with kyphoscoliosis m Asthmatic patients 
| m Patients with chronic cor pulmonale 





A 





^ Many patients with such conditions are already utilizing compensatory mechanisms, such as increased 
respiratory rate. Many may have decreased sensitivity to elevated plasma CO, stimulation. The further 


, imposition of the depressant effects of narcotics can be disastrous. 


| Consider 
x Potent—Dependable—Nonopiate 


Talwin LACTATE 


brand of 


pentazocıi Ne lactate injection, NF 





' Talwin shows infrequent occurrence of certain adverse effects* as: 
m Respiratory depression (see below) m Tachycardia 
m Circulatory depression m Urinary retention 
m Shock 


, The possibility that Talwin may cause respiratory depression should be considered in treatment of patients 

, with bronchial asthma. Talwin should be administered only with caution and in low dosage to patients with 

í respiratory depression (e.g. from other medication, uremia, or severe infection), severely limited respiratory 
. reserve, obstructive respiratory conditions, or Cyanosis. 


There have been instances of psychological and physical dependence on Talwin in patients with a history of 

4 drug abuse and, rarely, in patients without such a history. Abrupt discontinuance following the extended 
|, use of parenteral Talwin has resulted in withdrawal symptoms. Patients with a history of drug dependence 
“| Should be under close supervision while receiving Talwin. In prescribing Talwin for chronic use, the physician 
should take precautions to avoid increases in dose by the patient and to prevent the use of the drug in an- 

| ticipation of pain rather than for the relief of pain. 
For immediate pain control without many of the risks Winthrop Laboratories 
of narcotic analgesics: New York, N.Y. 10016 


Es i 
Talwin "See important product information including warnings, adverse 


| reactions, patient selection, and prescribing and precautionary 
a 30 mg. parenterally q. 3 to 4 hours. recommendations, a brief summary of which follows. 
e : 
3) 


B ^ 
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Potent — Dependable — Nonopiate 


Talwin | ACTATE 


brand of 


pentazocine lactate injection, NF 


Relieves pain of a moderate to severe nature. 


Please consult full prescribing information before prescribing. A sum- 
mary follows: 

Talwin is intended for the relief of moderate to severe pain. 30 mg. is 
usually as effective an analgesic as morphine 10 mg. or meperidine 
75 to 100 ma. The duration of analgesia may sometimes be less than 
that of morphine. Analgesia usually occurs within 15 to 20 minutes 
after intramuscular or subcutaneous injection and within 2 to 3 minutes 
after intravenous injection. Talwin is a weak narcotic antagonist with 
sedative activity. Talwin may also be used for preoperative or prean- 
esthetic medication and as a supplement to surgical anesthesia. 


CONTRAINDICATION 
Hypersensitivity to pentazocine. 


WARNINGS 

Drug Dependence. Special care should be exercised in prescribing 
pentazocine for emotionally unstable patients and for those with a 
history of drug misuse. Such patients should be closely supervised 
when long-term therapy is contemplated. There have been instances 
of psychological and physical dependence on Talwin in patients with 
such a history and, rarely, in patients without such a history. Abrupt 
discontinuance following the extended use of parenteral Talwin has 
resulted in symptoms such as abdominal cramps, elevated tempera- 
ture, rhinorrhea, restlessness, anxiety, and lacrimation. Even when 
these occurred, discontinuance has been accomplished with minimal 
difficulty. In the rare patient in whom more than minor difficulty has 
been encountered, reinstitution of parenteral Talwin with gradual 
withdrawalhasamelioratedthe patient's symptoms. Substituting metha- 
done or other narcotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 


In prescribing parenteral Talwin for chronic use, particularly if the 
drug is to be self-administered, the physician should take precautions 
to avoid increases in dose and frequency of injection by the patient 
and to prevent the use of the drug in anticipation of pain rather than 
for the relief of pain. 


Just as with all medication, the oral form of Talwin is preferable for 
chronic administration. 


Tissue Damage at Injection Sites. Severe sclerosis of the skin, sub- 
cutaneous tissues, and underlying muscle have occurred at the 
injection sites of patients who have received multiple doses of penta- 
zocine lactate. Constant rotation of injection sitesis, therefore, essential. 
In addition, animal studies have demonstrated that Talwin is tolerated 
less well subcutaneously than intramuscularly. 


Head Injury and Increased Intracranial Pressure. Talwin may elevate 
cerebrospinal fluid pressure. This may be markedly exaggerated in 
the presence of head injury, intracranial lesions and a preexisting 
increase in intracranial pressure. Talwin may obscure the clinical 
course of patients with head injuries. Talwin should be used with 
extreme caution in such patients and only if its use is deemed essential. 


Usage in Pregnancy. Safe use of Talwin during pregnancy (other than 
labor) has not been established. Although no teratogenic or embryo- 
toxic effects have been reported in animals, Talwin should be admin- 
istered to pregnant patients (other than labor) only when potential 
benefits outweigh possible hazards; and cautiously in labor of women 
delivering prematurely. 

Acute CNS Manifestations. In therapeutic dosage, rarely, transient 
hallucinations (usually visual), disorientation, and confusion may occur. 
Observe such patients carefully and check vital signs. Use caution if 
the drug is reinstituted since the acute CNS manifestations may recur. 
Usage in Children. Not presently recommended under 12. 
Ambulatory Patients. Since sedation, dizziness, and occasional 
euphoria have been noted, ambulatory patients should be warned 
not to operate machinery, drive cars, or unnecessarily expose them- 
selves tp hazards. 

PRECAUTIONS 

The possibility that Talwin may cause respiratory depression should 
be considered. Talwin should be used with caution in patients with 
respiratory depression, severely limited respiratory reserve, broncho- 
spasm, cyanosis, renal or hepatic dysfunction. Caution should also 


be used with patients prone to convulsive disorders and those about 
to undergo biliary surgery. As with other stgpng analgesics, use with 
caution in patients with myocardial infarction who have nausea or 
vomiting. Patients previously given narcotics, including methadone, 
may experience withdrawal symptoms after receiving Talwin. 


ADVERSE REACTIONS 

The most commonly occurring reactions are: nausea, dizziness Or 
lightheadedness, vomiting, euphoria. 

Dermatologic Reactions: Soft tissue induration, nodules, and cutaneous 
depression can occur at injection sites. Ulceration (sloughing) and 
severe sclerosis of the skin and subcutaneous tissues (and, rarely, 
underlying muscle) have been reported after multiple doses. 


Infrequently occurring reactions are—respiratory: respiratory depres- 
sion. dyspnea, transient apnea in a small number of newborn infants 
whose mothers received Talwin during labor; cardiovascular: circula- 
tory depression, shock, hypertension; CNS effects: sedation, altera- 
tionof mood (nervousness, apprehension, depression, floating feeling), 
dreams; gastrointestinal: constipation, dry mouth; dermatologic in- 
cluding local: diaphoresis, sting on injection, flushed skin including 
plethora, dermatitis including pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or strength of uterine contrac- 
tions during labor. 

Rarely reported reactions include — neuromuscular and psychiatric: 
muscle tremor. insomnia, disorientation, hallucinations; gastrointes- 
tinal: taste alteration, diarrhea and cramps; ophthalmic: blurred vision, 
nystagmus, diplopia, miosis; hematologic: depression of white blood 
cells (especially granulocytes), which is usually reversible, moderate 
transienteosinophilia;other:tachycardia, weakness or faintness, chills, 
allergic reactions including edema of the face, toxic epider- 
mal necrolysis. 

DOSAGE AND ADMINISTRATION 

Adults, Excluding Patients in Labor. The recommended single paren- 
teral dose is 30 mg. by intramuscular, subcutaneous, or intravenous 
route. This may be repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly or subcutaneously 
are not recommended. Total daily dosage should not exceed 360 mg. 
See Warnings in package insert as to recommended sites and routes 
of administration. 

Patients in Labor. A single, intramuscular 30 mg. dose has been most 
commonly administered. 

CAUTION. Talwin should not be mixed in the same syringe with 
soluble barbiturates because precipitation will occur. 
OVERDOSAGE 

Oxygen, parenteral naloxone, intravenous fluids, vasopressors, as- 
sisted or controlled ventilation, and other supportive measures should 
be employed as indicated. Talwin is not subject to narcotic controls. 
HOW SUPPLIED 

Uni-Amp: —Individual unit dose ampuls of 1 ml. (30 mg.), 1% ml. 
(45 mg.), and 2 ml. (60 mg.) in boxes of 25. 

Ampuls of 1 ml. (30 mg.), 1% ml. (45 mg.), and 2 ml. (60 mg.) in (nested) 
boxes of 25. 

Each 1 ml. contains pentazocine lactate equivalent to 30 mg. base and 
2.8 mg. sodium chloride, in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. containing pentazocine lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium bisulfite, 1.5 mg. 
sodium chloride, and 1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 
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Winthrop Laboratories 


New York, N.Y. 10016 
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from 
Hollister... 
the ostomy 
ee eese -. 
that 


Hollister offers a new touch 
of tenderness for persons 
who must wear ostomy appli- 
ances: the Karaya Seal Drain- 
able Stoma Pouch with 
Microporous Adhesive. It is 
the only appliance witha 
tissue-soft, non-occlusive ad- 
hesive that lets skin beneath 


it breathe —the same surgical-grade adhesive you 
use with wound dressings. It eliminates a major 
source of skin irritation: the occlusive or "sealing" 
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effect of conventional plastic- 
backed adhesive. Its soft, re- 
silient texture also minimizes 
the pulling of appliance 
against skin when an active 
patient moves about. It pro- 
vides a world of comfort 
never before available in an 
ostomy appliance. 


Fewer skin problems mean less demand on nurs- 
ing resources. Give your next ostomy patient the 
Touch of Tenderness from Hollister. 





EMPIRIN COMPOUND 
c CODEINE 


Each tablet contains: aspirin, 227 mg; phenacetin, 162 mg; and caffeine, 
32 mg; plus codeine phosphate in one of the following strengths: * 4—60 
mg (gr 1); *3—30 mg (ar 2); *2—15 mg (gr 4); and * 1—7.5 mg (ar '&), 
(Waming —may be habit-forming). 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome | North Carolina 27709 





